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An unusual opportunity to study the less common pathologic 
changes in the tonsil has been afforded in the department of pathology 
of the University of Michigan through the practice of making routine 


g 
histologic examinations of all tonsils received from the University 
Hospitals his material now represents approximately 9,000 cases 
Chis is a far larger series than has been reported from the standpoint of 
a microscopic study hitherto, and lends itself to quantitative analysts 


with the prospect of yielding much more accurate results, within the 


limitations of the data considered, than the smaller numbers forming 


the basis of previous studies 


While tuberculosis occurs in but a small percentage of the tons 


} 
is 
I 


examined, as compared to the various chronic inflammatory manifesta 
tions, hyperplasias and metaplasias, which are present in varying degrees 
in all tonsils, regardless of the clinical history, its occurence is of sufh 
cient frequence to constitute one of the chief reasons for continuing the 
labor involved in the routine histological examination of all tonsils 
received. It greatly outranks the other chronic intective granulomas ; 
recognizable syphilitic lesions being next in order, but by no means as 
frequent, while actinomycosis of the tonsil ranks third in this group, 
although met with only very rarely 
This paper deals with two aspects of tonsil tuberculosis. First, (a 

the total incidence will be considered, with the effect on the incidence of 
the character of the population from which the cases are drawn; (b) 
the incidence in various age groups, and (c) the incidence as to sex 
In the second part of the paper, the histopathology of tuberculosis of 
the tonsil will be discussed and the cases separated into a limited num 
ber of groups showing lesions of quite different character in each group 


and having an entirely different clinical significance in each instance 


LITERATURI 
\ complete survey of the literature is unnecessary at the present 
time, but refere nce will be made to all important articles in their prope 


11 ' 


connection and a rather extensive bibliography is appended 
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The literature of tuberculosis of the tonsils is of comparatively 
recent date. This is due, in part, to Virchow’s (1864) statement, 
quoted in most of the older textbooks, to the effect that tuberculosis of 
the tonsil had not yet been observed. Much more important in this 
connection, however, is the fact that, in its most common forms, tuber- 
culosis of the tonsil cannot be diagnosed macroscopically, and, there- 
fore, becomes the subject of report only as histologic examinations are 
more frequently made. The earliest observations seem to be those of 
Cornil * (1875), (Quoted by Friedmann*) who found an ulcerating 
lesion of the pharynx and tonsil in an otherwise healthy appearing 
individual; of Deplous * (1878), who found a tuberculous ulceration 
of the tonsil as well as of the adjacent parts in a child dying of pul- 
monary tuberculosis, and of Orth* who produced tonsil tuberculosis 
experimentally in dogs in the course of a series of feeding experiments 
with tuberculous tissues, apparently a primary focus. 

Numerous articles have dealt with the occurrence of tonsil tuber- 
culosis in necropsy material derived from patients dying with obvious 
tuberculosis lesions elsewhere in the body. Some of the more important 
of these are the papers of Strassmann,® Dmochowski,® Schlenker,’ 


10 


Kriickmann,’ Walsham,” Labbé and Lévi-Sirugue '° and Friedmann. 


The frequency of secondary tonsil involvement in cases of advanced 
pulmonary tuberculosis was thus early established. The earliest refer- 
ence to well authenticated cases of primary tuberculosis of the tonsil is 
that of Orth"! who found characteristic microscopic lesions in the 
tonsils of children dying from diphtheria without evidence of tubercu- 


losis elsewhere in the body 


1. Cornil: Quoted by Friedmann. 

2. Friedmann, F. F.: Ueber die Bedeutung der Gaumentonsillen von jungen 
Kindern als Eingangspforte fur die tuberkulose Infection, Beitr. z. path. Anat 
28:66, 1900. 

3. Quoted by Friedmann 

4. Orth, J Experimentelle Untersuchungen uber Futterungstuberculose, 
Arch. f. path. Anat. u. Physiol. 76:216, 1879. 

5. Strassmann, F.: Ueber Tuberculose der Tonsillen, Arch. f. path. Anat. u 
Physiol. 96:319, 1884. 

6. Dmochowski: Ueber secundare Erkrankungen der Mandeln und der 
Balgdriisen an der Zungenwurzel bei Schwindsiichtigen, Beitr. z. path. Anat. 


10:481, 1891 


7. Schlenker, E.: Beitrage zur Lehre von der menschlichen Tuberculose, 
Arch. f. path. Anat. u. Physiol. 134:161, 1893. 
8. Kriickmann, E.: Ueber die Beziehungen der Tuberculose der Halslymph 


driisen zu der Tonsillen, Arch, f. path. Anat. 138:534, 1894 

9. Walsham: Latent Tuberculosis of the Tonsil, Tr. Path. Soc. Lond. 49: 
67, 1898 

10. Labbé and Lévi-Sirugue: Etude sur les lésions de l’'amygdale dans 
quelques cas de tuberculose, Bull. Soc. Anat. de Par., 6 Serie 1:919, 1899 

11. Orth: Lehrbuch der speciellen pathologischen Anatomie, 1887, p. 663. 
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The work of Lermoyez*? drew attention to tuberculosis of the 
pharyngeal tonsils, and the papers of Pluder and Fischer,'"* McBride 
and Turner,* Brieger,’® Piffl,’’ Rethi'’ and ,Hynitzsche,’* among 
others, resulte¢. The occurrence of tonsil tuberculosis during child- 
hood has been investigated especially by Latham,’® Friedmann,’ Ito,”° 
Kingsford *! and Mitchell.** 

Of the important contributions dealing in a general way with the 
subject of tonsil tuberculosis, or with special phases of it, such as the 
tonsil as a point of entrance of infection; the nature of the infecting 
organism, whether bovine or human; relationship to lymphoid hyper- 
plasia and relationship to cervical gland and pulmonary tuberculosis, 
the papers of Gottstein,*® Grober,?* Bandelier,*° Carmichael,** Sewall,”" 
Mitchell,** and of Crowe, Watkins and Rothholz?*® are especially 
worthy of mention 


12 Lermoyez, M Les vegetations adénoides tuberculeuses Presse med 
3:413, 1895. 

13. Pluder and Fischer: Ueber primare latente Tuberculose der Rachet 
mandelhyperplasie, Arch. f. Laryngol. u. Rhinol. 4:372, 1896 

14. McBride and Turner: Nasopharyngeal Adenoids, Edinburgh M. J. 43 
355, 471, 598, 1897. 

15. Brieger: Ueber die Beziehungen der Rachenmandelhyperplasie zur 
luberculose, Ztschr. f. Ohrenheilk. 33:191, 1898 

16. Piffl: Hyperplasie und Tuberculose der Rachenmandel, Ztschr. f. Heilk 
20:297, 1899. 

17. Rethi: Die latente Tuberculose der Rachenmandel, Wien. klin. Rundschau 
14:509, 1900 

18. Hynitsche Anatomic Investigations on the Hypertrophy of the Phar 
yngeal Tonsil, Arch. of Otol. 29:356, 1900. 


19. Latham, A Pulmonary Tuberculosis in Early Childhood, Lancet 2: 
1785, 1900. 
20. Ito: Untersuchungen tuber die im Rachen befindlichen Eingangspforten 


der Tuberkulose, Berl. klin. Wehnschr. 40:27, 1903 
21. Kingsford, L.: Tuberculosis of the Tonsils in Children, Lancet 1:89, 1904 
22. Mitchell, A. P.: Primary Tuberculosis of the Faucial Tonsils in Chil 
dren, J. Pathol. & Bacteriol. 21:248, 1917. Also J. Laryngol., Rhinol. & Otol 
33:8, 40, 1918 


23. Gottstein, G Pharynx- und Gaumentonsille primare Eingangspforten 
der Tuberculose, Berl. klin. Wcehnschr. 33:689, 714, 1896. 
24. Grober, J. A Die Infectionswege der Pleura, Deutsch. Arch. f. klin 


Med. 58:296, 1900. Die Tonsillen als Eintrittspforten fiir Krankheitserreger 
besonders fiir den Tuberkelbazillus, Klin. Jahrb. 14:547, 1905 


25. Bandelier: Die Tonsillen als Eingangspforten der Tuberkelbazillen 
Beitr. z. Klin. der Tuberk. 6:1, 1906 

26. Carmichael, E. S.: Tuberculosis of the Tonsil, Associated with Tuber 
culous Glands of the Neck, Proc. Roy. Soc. Med., Sect. Dis. Child., Lond 
3:27, 1910. 

27. Sewall, E. C. Histologic Examination of the Faucial Tonsils with 
Reference to Tuberculosis, J. A. M. A. 46:867 (March 25) 1911 

28. Mitchell, A. P The Infection of Children with the Bovine Tubercle 
Bacillus, Brit. M. J. 2:125, 1914. a2 

29. Crowe, Watkins and Rothholz: Relation of Tonsillar and Nasopharyn 
geak Infections to General Systemic Disorders, Bull. Johns Hopkin Hosp 


28:1, 1917 
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MATERIAL 

The material used in this analysis consists of the faucial and 
pharyngeal tonsils from 8,697 consecutive cases, operated on in the 
University Hospitals and submitted to the pathologic laboratory of the 
University of Michigan for routine histologic examination. The period 
of time represented covers the years from 1906 to 1919, inclusive, but 
by far the greater part of the material has been received during the past 
five years. It may be stated roughly that the 8,697 cases indicate the 
examination of 8,697 pairs of faucial tonsils and of about one-fourth 
as many pharyngeal tonsils. While this is not strictly true, the instances 
in which only one faucial tonsil was removed or the pharyngeal tonsil 
alone was submitted for examination are so few that it makes no 
appreciable difference in the statistical analyses presented here, whether 
they are included or not. 

The patients from whom these tonsils were removed were selected 
cases only to the extent that they all exhibited one or more of the con- 
ditions which have been accepted by many otolaryngologists during the 
past few years as indicating need for tonsillectomy. As a group, they 
are much more nearly representative of the total population of the 
region from which they came than is usually the case in similar studies. 
This is due to the peculiar character of the University Hospital which 
is in no sense a local clinic but draws its patients from the entire state 
and neighboring states as well. All ages, from one year to 78 years, are 
represented, the rural as well as the urban fraction of the population, 
and the extremes of social standing. Two groups of patients, however, 
have been sufficiently numerous to influence the curve of incidence of 
tuberculosis to an extent which will require further consideration in its 
proper place. These are the inmates of the state institutions for 
dependent and defective children, who at one time were brought almost 
en masse to the University Hospitals to have their tonsils removed ; and 
university students, many of whom submit to tonsillectomy while resi- 
dent in Ann Arbor. It may be noted here that this second group, 
coming for the greater part from comfortable middle class homes, has 
enjoyed living conditions free from those institutional risks to which 
the first has been subjected. Attention must also be called to the fact 
that in the last few years an increasing number of middle-aged patients 
have been referred to the otolaryngologist for tonsillectomy from other 
clinical departments. This, also, has had its influence upon the inci- 
dence of tonsillar tuberculosis. 

METHOD 
Immediately on removal, the tonsils were placed in a 10 per cent 


solution of liquor formaldehydi and, after adequate fixation, portions 


were selected for microscopic examination. As a rule, all of the frag- 
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ments of the pharyngeal tonsil were embedded. The faucial tonsils 
were bisected in a vertical plane at right angles to the mucous surface, 
and from the cut face of one of the halves thus obtained the sections for 
microscopic examination were made. The other half was marked by 
attaching a numbered tag by means of a drop of thick gum acacia solu 
tion and dropped into a jar of alcohol for preservation in case it should 
be necessary to refer to it again. Usual methods of paraffin infiltration 
and embedding, and hematoxylin and eosin staining, were routinely 
employed, with the additional use of various special stains when 
indicated. 

As a rule, only one or two sections were examined from each block, 
but care was taken to cover each section systematically in order that 
every field might be scrutinized. The blocks of adenoid tissue were 
sliced away until the largest possible sections could be obtained, and the 
half tonsils were embedded to cut from the entire flat surface, again 
giving the largest possible sections as well as those which would inter 
sect the ramifications of the greatest number of crypts. A few sections, 
thus carefully oriented and systematically searched, will yield a higher 
percentage of positive results than serial sections of limited portions 
of the tonsil, for although tonsil tuberculosis is very often a local 
process involving only a small fraction of the entire organ, it is also 
very frequently a crypt infection, as will be pointed out later, hence it 
is important to examine some portion of each crypt as far as possible 
We believe that our method accomplishes these purposes as satisfac 
torily as is possible with a limited number of sections. 

The results, however, as expressed by the curve of incidence, rep 
resent minimal figures, for there can be no doubt that if it were possible 
to examine each tonsil throughout in serial sections taken at an interval 
of 0.1 mm. or less, the total number of cases would be increased by the 
addition of those in which single tubercles or small groups of tubercles 
would be found in the anterior and posterior peripheral portions of the 
tonsil. Sewall ** and his associates attempted to estimate the percentage 
of error thus introduced by making serial sections of tonsils previously 
diagnosed as nontuberculous after the examination of a few sections. 
They found one case positive in the first series of twenty pairs exam 


ined and none in another series of twenty-three pairs, or 2.3 per cent 
altogether. The percentage in 772 pairs examined by the original 


method was 3.9, which would seem to indicate that about 38 per cent. 
of the cases had been missed at first through incomplete examination. 
It is exceedingly dangerous, however, to assume from so occasional an 
occurrence as once in forty-three cases that the same ratio would hold 


throughout. Moreover, the original examination was made by a few 
frozen sections and there are no tissues in which diagnosis from frozen 
sections is more difficult than those of the lvmph-adenoid group. It is 
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quite unlikely that the sections examined in the first instance would 
anywhere nearly approximate in size those obtained from the entire 
cut surface of a longitudinally bisected hyperplastic tonsil 

The method used here is the only one siitable for the routine exam- 
ination of a large material, and there can be no doubt that the results 
are more accurate than those obtained from any other single method, 
except the examination of serial sections of the entire tonsil. The 
staining of direct smears from the cut surface yields of necessity but 
a very occasional positive result. It may, however, give false positives 
because of the occasional presence of tubercle bacilli in the tonsillar 
crypts without invasion of the tonsil itself. The examination of sec 
ions stained for tubercle bacilli is exceedingly laborious, requiring, 
oftentimes, the prolonged search of many sections, even when the tissue 
lesions are abundant. This method is of considerable value in con- 
firming the histologic diagnosis in doubtful cases, but the results 
atforded by it can be accepted only when positive. Its limitations have 
been explained as due to the small number, or rapid disintegration, of 
the bacilli. It must also be borne in mind that after certain routine 
fixations, as, for instance, formol, staining of tubercle bacilli in sections 
is rendered either very difficult or impossible. The cultivation of the 
bacilli is a difficult procedure because of the prevalence of contaminat 
ing organisms and as a rule only a small portion of each tonsil can be 
employed in this method. Von Scheibner’s *° earlier results were all 
negative in a small series of twenty cases. Mitchell ** seems to have 
attained a fair measure of success in his use of egg medium. 

\nimal inoculation has been much exploited as a method of inves 
tigation of tonsil tuberculosis since the report of Dieulafoy,*' leading to 
his controversy with Cornil ** as to the availability of this procedure. 
It is open to several serious objections ; death of experimental animals 
from septic processes, false positives from surface organisms and those 
in the crypts, the small amount of tonsillar tissue which can be used, 
the failure to inoculate a sufficient number of organisms to overcome 
the resistance of the animal and the length of time necessary before the 
result can be ascertained. Special procedures have been devised to 
overcome some of these objections. Mitchell ** employed a 2 per cent 
aqueous solution of ericolin to effect a partial sterilization of the tonsil 
wcording to the method of Twort. Latham" used ‘only the more 


central portions of the tonsil for inoculation. Von Scheibner *° washed 


30. Von Scheibner Bilden die Tonsillen haufige Eingangspforten fiir die 

erkelbacillen? Beitr. z. path. Anat. 26:511, 1899 Also Deutsch. med. 
Wehnschr. 25:343, 1899 

31. Dieulafoy Tuberculose larvée des trois amygdales, Bull. de l’'Acad de 
méd., Par. 33:437. 1895. 

32. Cornil: Sur la tuberculose larvée de trois amygdales, La Semaine méd. 
15:223, 1895 
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the tonsils in a dilute sublimate solution. The most elaborate method 
of all, that of Austin,®* makes use of antiformin digestion and con- 
centration of the minced and ground tonsil tissue, followed by injection 
into a traumatized inguinal lymph node of a guinea-pig. He found, 
however, but one positive in forty-five consecutive cases, contrasting 
with fifteen positive cases out of ninety-six as reported by Dieulafoy ™ 
in his use of this method without its later refinements. Even in the 
one case of Austin one might well question the results since the positive 
finding was obtained in only one guinea-pig which might have been 
previously infected with tuberculosis. 

Against the purely histopathologic method of diagnosis of tonsil 
tuberculosis, the chief objection has been the supposed possibility of 
mistaking for tubercles the pseudotubercles resulting from the presence 
of mechanical foreign bodies or from organisms other than the bacillus 
tuberculosis. But as Sewall ** points out, there is no more reason for 
questioning the etiology of a histological tubercle in the tonsil than in 
the lung, liver or spleen, in which situations diagnoses made from 
sections alone are constantly being accepted. We cannot, however, 
agree with him as to the relative infrequency of the foreign body 
pseudotubercle in the tonsil as indicated by his statement that in 1,544 
tonsils examined not one “foreign body giant cell’ was found. On 
the contrary, such giant cells occur with surprising frequency, but in 
them the provocative foreign body is usually to be found as a minute 
spicule, fiber or slender bristle, serving in itself to differentiate the cell 
as a true foreign body giant cell which, with whatever epithelioid or 
fibroblastic proliferation may accompany it, constitutes a foreign body 
pseudotubercle (Figs. 1 and 2). The difference in refraction and the 
lack of staining usually render such foreign bodies very easy of detec- 
tion. The calcareous deposits rarely occurring in the giant cells of 
true tubercles must be borne in mind in this connection lest one fall into 
the opposite error. These concentric masses of lime salt, apparently 
first described by Gottstein,?* are very striking when they occur in 
large numbers, and in no degree discredit a diagnosis of tuberculosis. 

A possible source of error is found in the superficial resemblance 
between a confluent noncaseating tuberculosis and an active diffuse 
syphilis of the tonsil. The differential diagnosis depends on the rela 
tively avascular character of the former and the arrangement of the 
epithelioid cells in whorls about minute capillaries in the latter. In 
confirmation of the diagnosis, specific staining for the organism may be 
carried out. In our experience, the demonstration of the spirochete in 
the tonsil is attended with less difficulty than the demonstration of th 
tubercle bacillus. 


33. Austin, R. S.: Bacillus Tuberculosis in the Tonsils of Children Cli: 
ically Nontuberculous, Am. J. Dis. Child. 18:15 (July) 1919 

















Fig. 1.—Photomicrograph of a foreign body pseudotubercle in 


the 


tonsil 


The foreign body shows several fine parallel striae, as if composed of a bundle 


of fibrils, probably vegetable material, and is surrounded by foreign lx 


cells. Hemalum and eosin stain, Zeiss “B” objective, without ocular 


vdy 


giant 





Fig. 2—Photomicrograph of same foreign body pseudotubercle as in Figure 1 


Higher power to show detail of foreign body and giant cells Ze 
bjective, without ocular. 
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ritt INCIDENCI OF rONSII rUBERCULOSIS 


The histologic examination of the material removed in 8,697 ton 
sillectomies, including in practically all cases both faucial tonsils and in 
many cases both faucial tonsils and adenoids, showed active tubercu 
losis in 204 instances, a case incidence of 2.35 per cent This falls 
within the limits established by other reported series Taking only 
those reports which include 100 or more cases, unselected in respect to 
tuberculosis elsewhere in the body, and omitting several dealing with 
pharyngeal tonsils only, Table 1 may be constructed 

The aggregate of these previous statistical studies gives a case 
incidence varying only 0.79 per cent. from our own, although the 


individual results vary over a wide range. 


TABLE 1.—INcipence or Tonsit TuBercu.osis 


Author Cases Tuberculous Per Cent 

Albrechts . 1 (wt? ( 
Barnes** 1m o 
Crowe, Watkins and Rothholz 1.000 4¢ 4.6 
Judd 1.000 “34 

Lewin**.. ALU od 4 
Robertson*®* 4 19 ¢ a0 
Sewall?? 772 a> " 
Willis* 108 , 80 

i 4 


* Usually quoted as given here, but the report is ambiguous as is shown by the following 


direct quotation “In our cases we were seldom able to trace back to the source of entrance 
Examinations of several hundred tonsils showed tubercles in much Jess than 1 per cent In 
1,000 cases, 2.3 per cent. had positive tuberculous lesions.”’ 


In Table 2 the distribution of the entire series of 8,697 cases as to 
age, sex and number of positive and negative cases for each sex at 


ge is presented. 


each a 

For purposes of comparison, however, and to avoid as far as pos 
sible the error of chance occurrence by increasing the size of the 
groups, these data will be condensed into five year age periods 

Of the 8,697 cases, there were 8,343 in which information regarding 
the sex of the patient was available. Of 4,631 tonsillectomies in male 
patients, 103, or 2.23 per cent., were found to be tuberculous In 
3,712 female patients the tonsils gave histologic evidence of active 

34. Albrechts: Quoted by Ravenel. 

35. J. A. M. A, 66:613 (Feb. 26) 1916 

36. Barnes, H. A.: The Tonsils, C. V. Mosby, 1914, p. 160 


37. Judd: Treatment of Tuberculous Glands of the Neck, Ann. Surg. 52: 
758, 1910. 
38. Lewin: Ueber Tuberculose der Rachenmandel, Arch. f. Laryngol 


Rhinol. 9:377, 1899 

39. Robertson, C. M Certain Facts Concerning Faucial Tonsils, |. A. M. A 
47:1725, 1906. 

40. Willis, B. ¢ Inflammatory Pathology of the Tonsil, South. M. J. 7: 
747, 1914 
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tuberculosis in ninety-six instances, or 2.59 per cent. There is, then, 
very little difference between the sexes in respect to the incidence of 
tonsil tuberculosis, but the slightly greater prevalence in females has 
constantly been present throughout the period covered by this investiga- 
tion. ‘The distribution of the cases of known age according to sex by 
five year age periods, as presented in Table 3, shows, also, that at prac- 
tically all ages this greater incidence in females exists. In one period 
only, ages 26 to 30, is this condition reversed, and in that instance the 
total number of cases is not so great but that the discrepancy may have 
the element of chance occurrence as its sole explanation. The some- 
what greater incidence in females of all ages seems, at first glance, to 
be in contradiction to the general experience for tuberculosis as shown 


by mortality statistics.*' In the registration area, and for the year 


1917, deaths of females from tuberculosis were 9.9 per cent. of the 


TABLE 3.—INncwence or Tonstt Tupercutosis As To Five Year Ace Periops 


Males Females Sex-Unknown Totals 

\ge Per Per Per 
Periods Posi- Nega- Cent Posi Nega Cent Posi Nega Posi-| Nega Cent. 
tive tive Posi tive tive Posi tive tive tive tive Posi 

tive tive tive 

lto 5 4 i 0.58 4 "iD 0.74 8 4 657 0.61 
6to Ww 14 ~ 1.70 16 625 2.56 15 ” 1,448 2.07 
lltol 1 ai) 1.87 11 ae 2.12 s 21 1,043 1.97 
16 to 2 21 621 3.27 1 530 3.81 6 42 1,157 3.50 
Lto 2% 13 SOD 1.58 15 447 3.25 4 23 1,266 2.18 
Mito wD 12 279 4.15 > 238 2.06 3 17 518 3.18 
tl to 35 > 170 26 4 125 3.10 2 9 297 2.04 
tow 4 97 2.0 4 79 2.47 1 ‘ 177 2.21 
Over #0 4 133 1.48 4 146 2.67 | 1 6 280 2.07 


total number of female deaths and deaths of males from tuberculosis 
were 10.6 per cent. of the total number of male deaths. However, the 
tonsil cases here considered fall very largely between the ages of 5 and 
24 years. Comparing the tuberculosis mortality in these ages with the 
total mortality of the same period, it is found that female deaths from 
tuberculosis are 29.2 per cent. of female deaths from all causes and 
male deaths from tuberculosis 20.9 per cent. of male deaths from all 
causes. Although it is not altogether safe to substitute mortality sta- 
tistics for morbidity statistics and to use the number dying at a given 
age as an index of the number living, it appears, nevertheless, that the 
greater incidence of tonsillar tuberculosis in females is but part of a 
general greater incidence of tuberculosis in females during that period 
of Jife at which tonsillectomy is most frequently performed 

The youngest cases of tonsillar tuberculosis were found at 2 years 
of age, two in number, and the oldest case at 59 years. The age inci- 


dence by five year periods is shown in the final column of Table 3. It 


41. Mortality Statistics, 1917, U. S. Bureau of Census, 1919, 



















Fig. 5—Photomicrograph showing confluent epithelioid tubercles beneath the 
mucosa of a crypt. Lymph follicle uninvolved. Hemalum and eosin stain 
Zeiss “B,” without ocular. Bellow’s length 150 cm. 








Fig. 6 Photomicrograph of caseating tuberculous lesion involving the 
mucosa of a tonsillar crypt. Numerous small epithelioid tubercles beneath the 
area of caseation. Toluidin blue stain. Zeiss “B,” without ocular sellow’ 


length 85 cm. 
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shows an increased incidence after the years of infancy and early child- 
hood have passed. When compared with similar statistics, compiled in 
1917 but nitherto unpublished,*? dealing with this series of cases up to 
that date, the effect of changes in the constitution of the population 
considered, is brought out. At that time 4,543 tonsillectomies yielded 
138 cases of tuberculosis, a total incidence of slightly over 3 per cent 
A comparison of the five year period age incidence at that time with 
that now obtained is possible in the parallel columns of Table 4. It will 
be noted that at the time of the earlier compilation the incidence was 
higher in each age group than at the present time and that this differ- 
ence was most marked in the very young and in those of adult years 
The explanation is probably to be found, in the first place, in the large 
number of children from certain state institutions who have been sent 
to the University Hospital for tonsillectomy. The incidence of ton- 
sillar tuberculosis was high in this group (institutional infection) and 
these patients formed a much greater part of the entire series in the 


TABLE 4.—Five Year Ace Periop INcipence 1N 1917 ANpd 1N 1920 


Age Period Per Cent. Positive in 1917 Per Cent. Positive in 10 
1 to 1.4 0.61 
6 tok 2.8 2.07 
ll tol > 1.97 
16 to 2 ) Ww 
to 25 28 18 
°6 to 30 5.1 3.18 
Over ®» 5.0 46 


earlier than in the later years of the period considered. In the second 
place, the material here considered reflects a changing viewpoint on the 
part of the otolaryngologist in that an increasing number of patients 
were operated in the later years in the hope of removing a primary 
chronic purulent focus. These patients are more especially of adult 
years and in them the incidence of tonsillar tuberculosis is low. The 
effect of this group has been to lower the incidence after the age of 
25, which had been brought to a high level by reason of the fact that in 
the earlier years tuberculosis of the cervical nodes or of the lungs was, 
in a greater proportion of cases, the reason for tonsillectomy in those 
past the age of excessive lymphoid hyperplasia. 

The large number of medical students, interns and nurses who have 
had unsuspected tuberculosis of the tonsils has been an interesting 


feature of this investigation. Von Scheibner * also noted the fre- 
quency of tonsil tuberculosis in nurses. This phase of the incidence of 
tonsil tuberculosis cannot now be presented by a statistical method, 


42. Read at the meeting of the American Association of Pathologists and 
Bacteriologists, New York. 1917. 































Fig. 7.—Photomicrograph of giant cell and epithelioid tubercles in and 
beneath the mucosa at the bottom of a crypt. Hemalum and eosin stain. Zeiss 
“B,” without ocular 




















Fig. 8.—Photomicrograph showing submucous confluent epithelioid tubercles 
with some caseation. Toluidin blue stain. Zeiss “B,” without ocular 
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but the frequency in these groups has been striking, and can have no 
other explanation than that most of these cases represent a primary 


focal tuberculosis 


HISTOPATHOLOGY OF rONSILLAR TUBERCULOSIS 


The histologic evidences of tuberculosis, as they are met with in the 
tonsil, differ in no respect from those found elsewhere in lymphade- 
noid tissue and require no descriptive characterization as far as their 
recognition is concerned (Figs. 3 and 4). The distribution of the 
lesions, their location in respect to crypt epithelium and follicles and 
the various types of tuberculous processes, are the considerations of 
chief interest. 

The tuberculous tonsil is diagnosed clinically but rarely. Except in 
the very small percentage of cases showing extensive, ulcerative, lupus- 


like lesions these tonsils show nothing characteristic. The tuberculous 





TABLE 5. 


One Faucial 


DISTRIBUTION 
AND PHARYNGEAL 


Other Faucial 


LESIONS 


TONSILS 


Pharyngeal 


AMONG FAUCIAL 


Number of 


Tonsil Tonsil Tonsil Cases 
Positive Positive Positive 4 
Positive Positive Not examined 44 
Positive Positive Negative 
Positive Not examined Positive 0 
Positive Negative Positive l 
Not examined Not examined Positive l 
Negative Negative Positive 11 
Positive Negative Not examined 12 
Positive Negative Negative ’ 
Positive Not examined Not examined ty 
Total number of cases . O4 


tonsil may be either hyperplastic or atrophic, prominent or buried. As 
can be noted in the literature, the inexpert frequently interpret plugs of 
caseous debris, expressed from the mouths of the crypts, as gross 
evidence of caseation necrosis due to tuberculosis. In those cases in 
which clinical diagnoses of tonsil tuberculosis have been substantiated 
microscopically, the diagnoses have usually been based on the presence 
of tuberculous cervical nodes or of pulmonary lesions moderately well 
advanced, and not on anything manifest in the tonsils themselves 

Che coincidence of tuberculosis in both faucial tonsils or in one or 
both faucial tonsils and pharyngeal tonsil is shown in Table 5. From 
this table it will be seen that of the 182 positive cases, in which both 
faucial tonsils could be examined, 133 showed unilateral lesions as 
compared to forty-nine with bilateral involvement. Of twenty-six 
positive cases, in which all three tonsils (two faucial and pharyngeal) 
were examined, the lesions were triple in two cases, double in four 


These twenty cases consisted of 


cases, and single in twenty cases 























Fig. 9.—Photomicrograph of typical epithelioid tubercle from a crypt infec- 
tion case. Note noninvolvement of lymph follicles. Toluidin blue stain, Zeiss 
“B,” without ocular 














Fig. 10.—Photomicrograph of epithelioid and giant cell tubercles from a 
crypt intection. Lymph follicles are uninvolved in spite of extensive charactet 


f lesion Toluidin blue stain, Zeiss “B” if 
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e‘even cases of tuberculosis of adenoids only, and nine cases of tuber- 
culosis of one faucial tonsil only. 

The extent of the tuberculous process was gaged by recording 
the number of tubercles as “many,” “few,” or “solitary.” As measured 
by this rough scale, 120 cases showed an extensive involvement, fifty- 
three cases few tubercles only, and thirty-one cases but a single 
tubercle 

The most common histologic type of tonsil tubercle is the epi- 
thelioid tubercle, with or without giant cells (Figs. 5 and 6). Not 
infrequently numerous very large giant cells occur. Caseation occurs 
proportionately less frequently than in tuberculosis of the lungs and 
bronchial nodes. Of the 204 positive cases, only thirty-five showed 
caseation worthy of note and these were chiefly cases in which the 
tubercles were sufficiently numerous to be confluent. 

The distribution of the lesions within the tonsil is a matter of the 
greatest importance. Three types may be recognized, and these may 
occur either alone, or in combination with each other. The first, and 
most common, is that which may be termed the crypt infection, a 
manner of distribution which was clearly present in more than 60 per 
cent. of our cases. The actual incidence of this type is undoubtedly 
much higher than can be demonstrated, due to the fact that those rami- 
fications of the crypts which occur in the third dimension cannot be 
appreciated, except by methods of reconstruction from serial sections. 
In the crypt infection, the tubercles tend to be submucous in position 
and are confined to the area of one or more crypts (Figs. 7, 8, 9, 10, 
11, 15, 17, 18, 19, 20). These crypt areas are often surprisingly 
extensive. (mne-fourth or one-third of a tonsil may be tuberculous, 
and yet a careful tracing of the crypts in that area will show that they 
have a common mouth. The slitlike character of the crypts likewise 
increases the apparent extent of the area involved from a single crypt, 
for the lateral extensions are rarely borne in mind. The more impor 
tant connective tissue septums serve to define the areas of individual 
or closely related crypts and groups of lesions bounded by such septa 
may be assumed to have a common origin. In this type of tonsillar 
tuberculosis the lymph follicles are involved not at all or only late in 
the process and the lesions are very frequently unilateral. 

\s by far the most common type of tonsil tuberculosis, the “crypt 
infection,” with its localized lesions, sub-mucous tubercles and usual 
failure to involve the lymph follicles, has been the form described by 
most authors. Piffl'® noted the submucous position of the tubercles 
in adenoid tuberculosis. Robertson ** designated three or four crypts, 


emptying into the supratonsillar fossa as “the infecting crypts of the 


tonsil.” Mitchell ** found that tuberculous lesions occurred in three 


























Fig. 11.—Photomicrograph showing extensive tonsillar tuberculosis. Crypt 
infection type. Lymph follicles remain uninvolved. Hemalum and eosin stain 
Zeiss objective “B,” no ocular, bellow’s length, 150 cm 














Fig. 12 Photomicrograph showing epithelioid miliary tubercles in lymph 
follicle of tonsil. Diffuse miliary tonsillar tuberculosis. Toluidin blue stain 
Zeiss objective “B,” no ocular 








Fig. 13.—Photomicrograph showing epithelioid miliary tubercles in lymph 
follicle of tonsil. Ditfuse miliary tonsillar tuberculosis. Toluidin blue stain. 
Zeiss objective B.” no ocular. 








Fig. 14.—Photomicrograph showing epithelioid miliary tubercle in germ cen- 
ter of follicle Note formation of tubercle about wall of arteriole of the fol 


licle Diffuse hematogenous miliary tuberculosis. Toluidin blue stam Zeiss 
DD.” 1 cular 











Fig. 15.—Right and left tonsils from Case 1294-U. Tracings of vertical 
sections made by direct projection through 48 mm. objective. Solid black indi 
cates areas of tuberculosis; the open circles, the more prominent follicles 
luberculosis confined to a single crypt area of one tonsil only. Crypt infection, 
limited by septum. Follicles not involved. 





Fig. 16 Iracings of right and left tonsils of Case 3832-| The tubercles 
ire shown in solid black and are found to be nearly uniformly distributed 
throughout both tonsils. Their location is not determined by crypts or septa 


and many are found in follicles. Hematogenous miliary tuberculosis 
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situations: surrounding the deeper parts of the crypts, especially the 
supratonsillar group; immediately under the mucous membrane near 
the mouths of the crypts; and deep in the tonsil, close to the posterior 
capsule. At the bottom of the crypts, near the capsular surface, was 
the most common location as found by Crowe, Watkins and Rothholz.* 

lhe second group of cases includes those which are recognized as 
tuberculous by their gross appearances—the ulcerative lupuslike lesions 
These result from extensive, coalescing, multiple crypt infections such 
as may be found in the massive auto-infections of the tonsil in some 
open cases of pulmonary tuberculosis, or from involvement of the 


tonsil in an ulcerative tuberculosis of mouth or pharynx 





Fig. 17 [racing showing areas of tuberculosis (solid black), crypt sys- 


tems and prominent follicles in one tonsil of Case 583-P. A crypt infection 


Other tonsil not involved. 


Che third type of tonsil tuberculosis is one which has not, to our 
knowledge, been described previously, and the significance of which has 
not hitherto been established. In this form, the lesions are usual!y 
bilateral, are widely scattered throughout the tonsil rather than grouped 
in crypt areas, and characteristically involve the lymph follicles and 
even the germ centers of the follicles (Figs. 12, 13, 14, 16). It is, 
therefore, in these three particulars, in sharp contrast to the form 
described in the first group. The occurrence of tubercles within the 
germ centers gives a picture strikingly unlike the usual tonsillar tuber- 
culosis. Cases are met with in which the tubercles, even though very 


numerous throughout the sections, are found in no other location. 
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Observations of tubercles so situated have been recorded occasionally 
in the literature. Pluder and Fischer '* found in one of their cases of 
adenoid tuberculosis that the tubercles were situated partly within and 
partly between the follicles In one of his cases, also, Ruge *8 described 
the tubercles as occurring singly and chiefly within the follicles. In 
Gottstein’s ** Case 3 almost the entire section of pharyngeal tonsil was 
involved and there were numerous tubercles in the follicles. In his 
Case 5 there were tubercles in the follicles of both adenoids and tonsils, 
and in Case 6 some follicles contained small tubercles with giant cells 
These authors, however, do not consider these cases as belonging to a 


distinct group 





Fig. 18 \ sharply localized crypt infection i ne tonsil of Case 639-O 
Other tonsil free 


We have had sixteen cases of tonsil tuberculosis with the tubercles 
occurring chiefly or exclusively in the germ centers. Of these, nine 
showed bilateral lesions and of the other seven, there were three in 
which only a single follicle was involved, and hence the unilateral 
character was without significance. There were only two instances in 
which the pharyngeal tonsil was also examined. In one of these, all 
three tonsils showed a diffuse follicular distribution while the other 


] 


case was one of those in which one follicle only was involved 





Ne i 


| 
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It is our belief that an important clinical significance attaches to the 
recognition of the type of tonsil tuberculosis. The “crypt area” infec- 
tions, submucous, usually unilateral and involving the follicles very 
late, if at all, are focal processes, infections from without, either 
primary or autoinfections. The scattered lesions, usually bilateral and 
occurring chiefly in the follicles, are the result of a hematogenous dis- 
semination of tubercle bacilli. When this is borne in mind, it will be 
seen that many mixed cases will occur. These should be found particu- 


larly in those patients who have advanced pulmonary tuberculosis with 





Fig. 19.—Case 1495-V. Tonsillar tuberculosis involving one tonsil only 
On casual examination lesions might seem to be quite widely scattered, but the 
tracing shows that they are confined to a single crypt area. They do not involve 


the follicles 


sputum rich in organisms, and who suffer at the same time from gen- 
eral miliary dissemination. This is found to hold true in cases of 
tonsillar tuberculosis which we have studied postmortem (a class of 
material not included in the statistical analysis given here) lonsils 
from such patients usually show one or more definite areas of crypt 


infection and a miliary tuberculosis of the follicles comparable in degree 
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to the miliary dissemination in other organs, such as liver, spleen and 


the general 


kidneys. These points will receive further consideration 1 
discussion which follows. 
DISCUSSION 

It is not within the scope of this paper to attempt to make a case by 
case comparison of the histopathologic changes in the tonsil with the 
clinical data. There are, however, certain clinical considerations which 
must be given further explanation. 

It has already been pointed out that from the limitations of the 


method employed, the incidence of tonsil tuberculosis, here shown to 





XG 

r 
Fig. 20.—Case 1500-S. Tracing showing in solid black the distributi f 
ubercles in a case with apparently multiple crypt infections. Follicles (open 


ircles) are not involved in the tuberculous process 


be 2.35 per cent., is of necessity lower than the actual incidence by an 


unknown amount. It must be emphasized, also, that this incidence is 
one of active lesions only. Hyalin scars, areas of fibrosis, more or less 
rounded in outline and poor in blood vessels, are frequently met with 
in tonsils showing no active lesions. It is probable that most of these 
areas are healed or healing tubercles. They cannot be differentiated 
from the older tubercles in tonsils showing miliary tubercles of all ages 


It is our opinion that with all the healed lesions included and all por 
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tions of the tonsil systematically examined, tonsillar tuberculosis wou!d 
be found to be as universal as is pleural and pulmonary tuberculosis 
The solitary tubercles, occurrence of which, in an active stage, was 
noted in thirty-one of our 204 cases, in general have no further signifi- 
cance than that they are a part of this universal infection, their dis- 
covery being purely accidental. In some instances they may indicate 
the dissemination of a limited number of bacilli with the production of 
but few miliary tubercles 

The preponderance of epithelioid and giant cell tubercles over 
caseating lesions in tonsillar tuberculosis suggests that the type of the 
infecting organism is not infrequently one of only moderate virulence 
The histologic character of the lesions, determined by the balance 
between the necrosing agent and the reparative activity of the tissues, 
in many cases points to the bovine rather than the human type of 
tubercle bacillus as the infecting agent. Judgment on this point is of 
necessity uncertain and cannot go much beyond a general impression, 


but the results of bacteriological examination of tuberculous tonsils and 


cervical nodes prove of interest in this connection. Mitchell ** iden- 
tified the strain in twenty-six cases of tonsil tuberculosis in children 
and found twenty to be bovine and six human. In seventy-two con- 
secutive cases of tuberculous cervical nodes the same author ** found 


sixty-five bovine and seven human. Park and Krumwiede ** found 
the same preponderance of the bovine strain in cervical node tuber 
culosis in young children while in older children the human strain 
became the more common. Under 5 years, they found six human and 
\welve bovine; between 5 and 16 years, nineteen human and eight 
bovine; 16 years and over, nine human, no bovine. In a large series of 
tuberculous cervical nodes, Griffith ** found the proportion of bovine 
infection to decrease regularly from 85.7 per cent. under 5 years of age 
to 19.0 per cent. at 20 years and over. It seems reasonable, therefore, 
to attribute the relative freedom from caseation to the bovine strain of 
organism as the more common invader, particularly in the tonsils of 
voung children 

The crypt infection type of tonsillar tubereulosis can be explained 
only on the basis of the entrance of the infection from the mucosal side 
and not by the hematogenous or lymphogenous routes The char 
acteristic unilateral, or better, monotonsillar, involvement, the limited 


localization of the process within the affected tonsil, the frequent sub 


43. Ruge: Die Tuberculose der Tonsillen vom klinischen Standpunkte, Arcl 
f. path. Anat. u. Physiol. 144:431, 1896. 

43a. Park and Krumwiec The Relative Importance of the Bovine and 
Human Types of Tubercle Bacilli in the Different Forms of Human Tubercu 


losis, |. M. Research 23:205, 1910 
44. Griffith, A. S.: Types of Tubercle Bacilli in Cervical and Axillary Gland 


Tuberculosis, Lancet 1:216, 1917 
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mucous position of the tubercles and the avoidance of the follicles all 
point to mucosal infection This may, of course, be either a primary 
infection or a secondary, that is, autoinfection. We can be certain that 
both occur in our series Those cases in which the crypt intection 


not monotonsillar, but double or triple, are usually, but not necessarily, 
cases of autoinfection and should be examined caretully for open 
lesions elsewhere in the respiratory tract \ majority of the mono 
tonsillar and some of the double and triple crypt infections are primary 
tonsil tuberculosis. These are the patients who show no evidence « 

active tuberculosis elsewhere in the body and in their subsequent history 
often show no evolution of the disease. It must be emphasized that 
the absence of clinical evidence of active tuberculosis elsewhere in the 
body would have little value if we had not previously established the 
fact that the type of infection of which we are now speaking comes 
through the mucosa. It requires an open lesion for the crypt type « 

auto-infection and clinical evidence should be forthcoming either betors 
or after the occurrence of tonsillar invasion Che monotonsillar crypt 


infection has been very common 1n nurses, interns and upper class 


medical students Many of these cases have been followed Ip and 
have shown no further lesions. We are convinced that most of thes 
cases are examples of primary focal tonsil tuberculosis Che intectious 


material is either inspired or ingested. Experimental evidence of the 
possibility of tonsillar infection in this manner is abundant Feeding 
experiments with infected material, such as were carried out by Orth,* 
‘ 


Baumgarten and others, and the infusion of lamp black into the 


pharynx by Hendelsohn ** and injection of carmin into the tonsillat 


crypts by Goodale ** have all shown that both living organisms and 


inert particles present in the pharynx and tonsillar crypts pass into the 
tonsil with ease 

On the other hand, the third type of tonsil tuberculosis, the diffuse 
follicular miliary tuberculosis, in all of its characteristics points to a 
hematogenous origin, the terminals of the follicular arterioles being 
the seat of lodgment of the bacilli. If this process were frequently 
unilateral, a retrograde lymphogenous metastasis from the cervical 
nodes might be considered, especially in view of the work of Blum * 
who reported that both inert substances and living organisms injected 
into the cervical nodes of guinea-pigs were subsequently found in the 


~ 


45. Baumgarten Ueber die Uebertragbarkeit der Tuberculose durch die 
Nahrung, Centralbl. f. klin. Med. 5:25, 1884 

46. Hendelsohn Ueber das Verhalten des Mandelgewebes gegen aufg« 
blasene pulverfOrmige Substanzen, Arch. f. Laryngol. u. Rhinol. 8:476, 1898 

47. Goodale Absorption von Fremdkorpern durch die Gaumentonsillen, 
Arch. f. Laryngol. 7:90, 1898. 

48. Blum, S.: Tonsils Excretory Organs for Cervical G'ands: Prelin 


Report, Arch. Pediat. 32:837, 1915 
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tonsils and in the oral cavity. Such a retrograde metastasis in the 
slowly moving lymph stream, subjected to the irregular pressures pro- 
duced by the contraction of nearby muscles, is to be expected. But the 
type of tonsil tuberculosis in which the tubercles occur chiefly in the 
follicles is usually bilateral and frequently universal in its involvement 
of the tonsils. The work of Goodale ** and of Hendelsohn * has an 
application here not anticipated by those investigators. The former 
found that carmin particles injected into the tonsillar crypts pene- 
trated all other portions of the tonsil more promptly than the follicles. 
In tonsils removed up to two hours after injection none was found in 
the interior of the follicles. Even at five and ten days, although the 
interfollicular lymph spaces contain much carmin the interior of the 
follicles showed none and there was but little in the neighborhood of 
the germ centers. Hendelsohn * found that only with more intense 
applications of dust to the tonsil were any particles found within the 
follicles and he notes the analogy between his observation and that of 
\rnold ** who found that the follicles and germ centers of lymph 
nodes remain relatively free even when the interfollicular tissue is 
loaded with dust 

It is not within the scope of this paper to enter at length into a 
discussion of the relationship of tonsillar to cervical gland and pul- 
monary tuberculosis. Our cases include many in which cervical nodes 
were examined histologically after the tonsils were found to be tuber- 
culous. In some of these the nodes were also found to be tuberculous 
In other cases, extensive tonsillar tuberculosis was unaccompanied by 
cervical gland lesions. The converse was even more frequently noted, 
the tonsils from patients with extensive cervical node lesions failing 
to show any lesions. Nevertheless, the tonsil must be considered the 
most important portal of entrance in cervical gland tuberculosis 

rhe relationship to pleural and pulmonary tuberculosis is even more 
difficult to analyze. The work of Grober ** in tracing carbon particles 
injected into the tonsils to the pleura and pleural space by way of the 
cervical lymphatics is much quoted. Van Zwaluwenburg and Grab- 
field *’ find that patients with tonsillar tuberculosis almost invariably 
show, in stereograms of the thorax, changes in the apical pleura which 
they believe are due to tuberculosis. However, we have failed to find 
tuberculosis in the tonsils removed from a number of such cases 

From the pathologist’s standpoint, an incidence of active tonsillar 


tuberculosis of more than 2.35 per cent. should not, in itself, be consid 


49. Arnold Untersuchungen tuber Staubinhalation und Staubmetastase 
Leipzig, 1885 

50. Van Zwaluwenburg and Grabfield Papers now in press, to appear 
American Review of Tuberculosis, 1921, and to which I am permitted to refer 
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ered an argument for tonsillectomy Che facts here presented, how 
ever, do lead to the belief that it 1s advisable to remove the tonsils 
cases of known cervical nodes or pulmonary tuberculosis in the hop 
removing an active focus of dissemination 
CONCLUSIONS 
1. The systematic search of a limited number of microscopic se 
tions, so oriented as to show in each the entire surface of a vertically 
bisected tonsil, is the only practicable routine method for detecting 
tonsil tuberculosis 
2. The incidence of active tonsil tuberculosis in a series of 8,697 
consecutive cases was found to be 2.35 per cent. This minimum figure 
would have been increased by an unknown, but probably small, amount 
if it had been possible to examine all portions of each tonsil. 
3. The incidence in respect to sex shows tonsil tuberculosis to be 
slightly more common in females than in males at practically all ages 
4. In the series of 204 positive cases here reported, the range ot 
ages was from 2 to 59 years Che incidence in various age groups 
depends largely on the character of the population from which the 
material is derived, the incidence being particularly high in institution: 
for the care of children and among medical students, interns and 
nurses 
5. Tonsil tuberculosis may be divided into three types: focal crypt Y 
infections; ulcerative lupus-like lesions; and = diffuse miliary 
tuberculosis . 
6. The crypt infection is the most common type, is usually unilat 
eral, involves one or more crypt areas only and avoids the lymp 
follicles. Some of these cases are autoinfections in open respiratory 
tract tuberculosis but the majority must be considered cases of primat 
tocal tons] tuberculosis 
7. The ulcerative lupus-like lesions result from the coalescence of 
crypt infections at the mouths of crypts or from direct extension fron 
neighboring surfaces : 
8. The diffuse miliary tuberculosis is usually a bilateral or, if the 
pharyngeal tonsil is examined, a universal tonsil lesion Phe tubercles 
are widely scattered and occur almost exclusively in the follicles and 
germ centers This type can best be explained as a hematoget 
miliary disseminatior : 
9. Mixed types occur, as in patients with open pulmonary tube: 
culosis, in which autoinfection may be associated with hematogenous 
miliary tuberculosis giving a combination of crypt infections wit! : 
diffuse miliary tubercles 
51. The following re ences will ‘ t ea g f 
ect i 5 ere 
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FATAL CHRONIC NEPHRITIS IN A FOURTEEN 
YEAR OLD GIRL WITH ONLY ONI KIDNEY 
AND A HISTORY OF SCARLET FEVER 
O. H. PERRY PEPPER, M.D.. ann BALDWIN LUCKI M.D 
PHILADELPHIA 
The recognition of the factors which in a given individual have led 
to the development of chromic nephritis, 1s both difhcult and important 
Phe whole problem of the etiology of cl ronic nephritis is inherently 
confused by the variety of possible contributing causes and by the long 
interval which usually intervenes before the symptomatic stage of the 
disease appears. For this reason cases which seem to present new 
aspects of this problem deserve to be studied care ful \ and recorded. 
even though alone they do not justify far reaching conclusions. Such 
a case is the basis of this report. In this instance two distinct etiology 
factors are present; the renal anomaly and the occurrence of a severe 
attack of scarlet fever. Death resulted apparently as a direct result of 
one or both of these factors at a sufficiently early age to exclude the 
action of many of the contributing causes of chronic nephritis whicl 
complicate the study of adult cases. This fact makes the study of this | 
case of peculiar interest, and especially as the clinical picture was | 
; : 4 s 
identical with that of the chronic nephritis of adult life 
Che question of the influence that the aplasia of one kidney may 
have on the functional capacity and susceptibility to disease of the other 
kidney has received some attention, likewise the broader question ot 
the influence of any renal anomaly on renal function Thus Babes, 
Anders * and Coplin,* have each presented evidence on different aspects 
of this subject, which will be referred to later \ number of case 
reports also are available but none presents the same points of interest 
as the case which is the basis of this paper. Concerning scarlet fever 
as a possible cause of chronic nephritis, the literature 1s extensive but 
inconclusive 
*From the Medical Clinic of the Hospital of the University of Pe | 
vania, and the McManes Laboratory of Pathology of the University of 
Pennsylvania. 
1. Babes, \ La néphrite hypogénétique, Semaine méd. 25:63 (Feb. 8) 1905 
2. Anders, J. M.: Congenital Single Kidney, Am. J. M. Sc. 139:313 (Marcl 
1910 j 
3. Coplin, W. M. L Unilateral Renal Hypoplasia and Dysplasia Due t f 
Defective Arteriogenesis: Relation to So-Called Hypogenetic Nephritis, An 
I. M. Se. 153:381 (March) 1917 
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IRCHIVES OF INTERNAL MEDICINI 


REPORT OF CASI 


Fr. M. B., aged 14, admitted to the Hospital of the University of Penns 
vania on the service of Prof. Alfred Stengel, March 8, 1920. 
Histor [he girl’s family gave the history that she 
tever at the age of 7 This attack was 
elicited since 


‘revious had never 
been strong since an attack of scarlet 
severe but no history of kidney involvement or edema could be 

she had had occasional attacks of belching and vomiting which 


the scarlet fever I 
1920, a little less than 


were more severe for the past two months. Jan. 15, 
two months before admission, she had an attack of marked blurring of vision 


and loss of power in her left arm and both legs. Touch sensation was said 


to have been abolished, and there was some difficulty with speech and swallow- 
ing Within twenty-four hours the difficulty with speech had disappeared; 
three days later her sight cleared up, and within two weeks the power in the 


limbs had returned About two weeks before admission she had an acute 
attack ushered in by protuse vomiting, which was diagnosed as “grippe 





Fig. 1—The right (single) kidney of the patient. The organ weighs 65 gm 
is much deformed, and very sclerotic. Note the tumor-like projections at 
are adenomatous-like masses of newl 


either end of the upper border; there 


formed renal tubules 

Her menses first appeared at the age of 12, and at first were exceedingly 
tree; later they became less so but were accompanied each month by bleeding 
Che epistaxis sometimes occurred during the interval between 
bleeding commenced February 28, 
Nosebleed appeared 


trom the nose 
the periods as well The last menstrual 
before admission and continued until admission 
usual and March 4 became so profuse as to require pack- 
March 7 the gums began to bleed freely 
The previous medi 
> 


nine days 
with the menses as 
The nose was repacked March 6 


She was admitted March 8 in a very much weakened state 


cal history includes in addition to the scarlet fever, pneumonia at the age of 


typhoid fever at the age of 3, and mumps at 


Ing 


the age of 4. The social and 


family history is negative 














Physical Examination [he patient was an acutely ill young girl w 
not look her stated age. She was pallid, pasty and puffy; eye grounds normal 
except for slight clouding of disk margins. The breath had a markedly urinou 
odor Nares showed evidence of recent epistaxis rhe lips were crusted witl 
blood, and the gums bled at the slightest touch. The lungs were negative The 
heart was negative, except for accentuated second sounds at the base Bloo 
pressure: systolic, 148; diastolic, 132 Abdomen negative No peripheral edema 
Reflexes all present 

Laboratory Examinations.—Urine (catheterized clear; lemon color: sp. gr 
1.008: albumin, faint trace: sugar, negative MicroscopK Casts. ewative 


cylindroids, negative; erythrocytes, few to each high power field: leukocytes. 


from 4 to 6 to each high power field 
Blood Red blood cells, 2,270,000; white blood cells, 5,300: hemoglobin. 5 


per cent.; platelets, 220,800. Differential count of white cells: normal slood 








Fig. 2.—A retracted, dense, wedge shaped portion of the renal cortex wit 
the thickened capsule. This area contains massed glomeruli, many of w 
are much enlarged and possess greatly thickened Bowman's capsule retwee! 
the glomeruli lies a richly cellular scar tissue. On either side of this det 
region are granulations made up chiefly of newly formed tubules. (x 23 
urea nitrogen: 210 mg. per 100 cx Blood plasma carbon dioxid: 29 volumes 
per cent 

The following day the blood pressure was: systolic, 140; diastoli 105 
There was little change in her conditiotr 

March 11 Some tremor of left eyelid and convulsive movements of left 
hand were noted. Urine showed little change slood pressur systoli x 
diastolic, 60 

Phenolsulphonephthalein test: no elimination of dye in t hours 


Blood urea nitrogen: 228 mg. per 100 cx. 


Blood plasma carbon dioxid 3 volumes per ce 





ee 


roe 


were 











Bl int Red blood cells, 2,250,000; white blood cells, 13,400; hemo 
globin, 36 per cet Differential Neutrophils, 88 per cent.; small lymphocytes, 
8 per cent.: large lymphocytes, 2 per cent.; transitionals, 2 per cent 

March 12 Patient steadily grew worse and died Throughout her cours 
there vas a little tever the pulse rate and respiratory rate were variable and 
sh J 

PATHOLOGI REPORT 

Since only the renal condition has any bearing on this study, the protocol 

s sumn is follows 

(6435) Anatomic diagnosis: early general arterioscle- 
rosis, slight congestion and edema of lungs; slight fibrosis of spleen; sub- 
mucous hemorrhages of intestines; cloudy swelling of liver; slight cardiac 
hypertrophy (230 gm.; body weight, 55 kg Aplasia of left kidney and its 
ireter Histologic study of tissue removed trom the usual site of the left 








Fig. 3.—Thickly massed, more or less hyalinized glomeruli are surrounded 
y small round cells (lymphocytes) and richly cellular connective tissues 


Tubules are practically absent. (X 50.) 


kidney did not disclose any kidney anlage. Microscopic examination of the 
various organs confirmed the gross diagnosis 

Right Kidney The right kidney weighs 65 gm., measures 7 by 4.5 by 3 cm 
and has a somewhat trapezoid shape (Fig. 1). The organ is very tough, its 


capsule adheres firmly to the pale reddish-gray, very irregular surface. Sev- 
eral paler coarse, tumor-like knobs project from 5 to 8 mm. above the general 
surface, especially near the convexity of the organ. Between these masses the 
surface appears finely granular and depressed. The capsule is much more 
adherent to the depressed than to the projected regions; the consistency of 
the latter is but little greater than normal kidney substance, while the inter- 
vening tissue is very firm. The cut surface is even; the projecting nodules 
seem to be somewhat altered renal lobules, for a thin cortical zone, which 


averages 2 mm., can be more or less well distinguished from the medulla The 

















detailed architecture, however, is disturbed, for whil 


and 
other 


cortical striations 


portions 


generally lost 


here 


and there 


In 
In 


sol 


the 


the 


stand out prominently the 


depressed areas the cortic« 
outer region the tissue has a 
ne reddish dots and lines rhe 


stiffened, the medullary striations are very indisti 
pale and appears somewhat thickened. The ureter aj 
somewhaf stiffened, and near its origin the intima shows yel 


renal 
lowis 


artery 1s 
h, slightly 


opening 


Sections of the kidney were fixed in Orth’s fluid and i 


torm 


(Giese 


| : 


raised patches. The 


aldehyd. Paraffin 


n’s method, 





ig. 4.—The 


a 


nd 


u ary bladdet 





sections were stained with 
with Weigert’s elastica sta 


glomeruli are almost entirely fibr 


canno 


paic gray 





ons 


ynedullary differentiation 1s 


appearance w tl 


cut vessels appear slightly 
ict The pelvic mucosa is 
ypears grossly normal Phe 


contal 


so 


1 


per; 
per 


eosin-hematoxy 


one 


cel 
} 





nuclear remnants may still be seen. The degenerated tufts are 1 
with the thickened and hyalinized capsules. ( 165.) 

Vicroscopic Description.—The general architecture is so greatly 
in many regions the tissue bears no resemblance to renal substance: 
tical outline ts coa uneven; irregular, richly cellular patches 
many with hyalinized glomeruli, alternate with islands project 
dilated tubules, while elsewhere a more diffuse connective ve 
rounds variously altered tubules and glomeruli he capsule 
from two to six times its average width, and has a lamellar art 


consists of fibrillar, p 


1 dilated blood vessels are found 


us 
caps 


port 


thin wallec 
ule occur <¢ 


ions cover 


it 


artly hyalinized connective 


uretera 


it. quer 


I , \ s 
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wavy. shallow retractions alternating with projections. Broad wedges r thin. 
streaky patches extend from the indented cortex to within the medullary region 
(Fig. 2 These areas are made up of densely packed small, round cells, which 
have a deep staining, compact nucleus and very little cytoplasm, and which 

rrespond to cells of the lymphocyte series. Within such cellular masses 
there are thickly massed more or less destroyed glomeruli, many collapsed anc 
atrophic tubules, and occasional normal sized or dilated tubules. Besides the 

mphatic cells slightly larger elements with somewhat elongated nuclei occur 
these are young connective tissue cells (Fig. 3 The supporting fibrous tis 
sue is difficult to see here because of the close, cellular grouping, but is ren 
dered very prominent with Van Gieson’s stair Che thickly massed glomerul! 


are generally of normal size, sharply circumscribed 


nd almost entirely fibrosed 
Many, however, still retain some structural details. Each of these glomeruli 
usually possesses a small, collapsed, bloodless tuft, adherent to an enormously 


ickened capsule Ihe capsules invariably are partly or wholly hyalinized, 





Fig. 5.—Two adenomatous-like projections composed of newly formed 
) 


tubules. Note the large size and irregular shape of the tubules. (x 23 


and either possess no cellular lining or their epithelium is flattened, or occa 





sional swollen cells are present Proliferation of the lining epithelium is 

where found (this does not exclude the possibility of such having occurred 
at a former period) (Fig. 4) Many vasae afferentiae and vasa efferentiae lie 
in the neighborhood of the glomerular colonies These vessels present pra 
tically always a moderate but distinct thickening and hyalinization of the sub 
ndothelial ntima Splitting t the internal elastica and increase of elasti 
fibers is usually well brought out with Weigert’s stain. In no instance, how 
eT is there anv decided nart wing f the vascul lumen The entire region 
as a poor capillary blood supply: the essels are nowhere engorged: many 
we —— d difficult to recognize Normal tubules are absent in the 




















cells, and occas! mally 
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ellular regions Those present are often widely separated from their neig 
rs by the cellular connective tissue and the lymphatic elements. They ofte 
are shrunken and collapsed; and can only be recognized because of their 
paler and larger nuclei. Sometimes they possess peculiar deep staining lining 
is encountered. Most ot 


an indistinct mitotic figure 
tubules are filled with a smooth eosin-staining hyalin material 





s 
zone of the medulla the straight tubules are embedded in the same 
proliferation and infiltration; they likewise are completely filled 
material 
The cortical projections consist of tubular masses, having a peculiar s 
ture. These projections are often round or oval and more or less isolate \ 
considerable resemblance 


dense fibrocellular tissue. 


tubules which are 


Such tubular groups bear 
his is due to the bizarre 
branched 


an adenoma (Fig. 5) structure of 


otten of great size, serpentine shaped 


1 





Greatly dilated, bizarre shaped tubules containing gram 


Fig. 6 
Glomeruli are absent in this region. (x 70.) 
infolding of the lining epithelium (Fig. 6) But few have normal al « 
of any portion of the normal 


The lining is likewise unlike that 





round shape 

tubules The cells are generally large, cuboidal or low columnar, possessing 
eosin-staining cytoplasm and prominent basal nuclei (Fig. 7). The cellular 
outline is nowhere very sharp, but is better defined than that of the nor 
convoluted tubules, but not as clear as in the normal collecting tubules Phe 
cells are generally well preserved, but with Van Giesen’s stain fine hyalin-lik 
droplets may be seen in many. 

Some tubules possess a very different lining; the cells are usually somewhat 
smaller, the cytoplasm has a faint bluish tint, the nuclei are large and take 
a deep stain. In other tubules syncytial cell masses are seen, and now ane 
hen a mitotic figure The wide tubular lumen usually contains some ¢ 
+ ’ de ric mucl ; wi cl « } ; a * + shal’ droplets to« mew! 








others are moderately engorged. On the whole, the 
tain less blood than normally 


as 11 ‘ rtex. Lymphocytic cells are plentiful in some 
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larger size and paler color than erythrocytes. The intertubular connective tis 
sue is quite distinct and more or less cellular. Many of the infolded tubules 
which possess syncytial cell linings roughly resemble fetal glomeruli. Indeed 
most of the tubules appear more like fetal than adult structures. Very few 
glomeruli are present :n the tubular knobs. Smaller groups of similar tubules 
are scattered here and there throughout the scar tissue 

Adjacent and subjacent to the richly cellular patches and the 


adenoma- 
like tubular projections and foci described, the 


rest of the renal tissue is 


seen to be likewise greatly altered (Fig. 8) The intertubular connective 


tissue is irregularly and considerably increased, its character being partly 


idult, partly young and fibroblastic. The tubules are either collapsed or dilated 

r of the same bizarre makeup as detailed above. Normal tubules are nowhere 

seen Regenerative features here as elsewhere are common; thus one finds 
| 


fetal types of newly formed branching tubules; relined old tubules witl 


prom! 














Fig. 7.-Newly formed, morphologically and functionally insufficient tubules, 
lined with cuboidal or low columnar cells, which are poorly differentiated. The 


tubular lumina contain round eosin staining hyalin bodies. (X 165.) 


nently staining cells and occasional mitotic figures, or hypertrophic tubules. 
The glomeruli are few in number but of enormous size. 


Many have a diameter 
up to 370 microns (Fig. 9). 


Their capsules are always somewhat thickened; 
ndothelium is generally flattened or at most slightly 
proliferation of the epithelium is nowhere seen 


the capsular « swollen, 
(Fig. 10). The glomerular 
tufts are richly nuclear, the nuclei seemingly being of endothelial type, although 


this cannot he determined definitely. Many capillary loops appear collapsed, 


glomerular loops con- 
No foreign cells are seen within the capillaries. 


The medulla appears quite as much involved as the cortex. The tissue is 
vervwhere fibrosed 


|. the type of connective tissue proliferation being the same 
+! 


areas, while else 








where denser connective tissue separates dilatec T ( llapse tubules N 

tubules possess a lining resembling that of normal collecting tubules Mar 

have lost the ing cells and are filled wit granular r cellula delr 
When we sum up the anatomic alterations in this case we find that 


aplasia of one kidney, and (b) with a greatly) 


we deal here (a) with ar 


scarred and atrophic remaining kidney, which histologically answers to 

the description of “genuine” contracted kidney (true chronic interstitial 
g 

involved it 


nephritis ) Since the terminology of renal disease is so involy 


may be well to state that we are in accord with Aschoff's * concepti 

















lig. & \ deeper portion of the ortex showing a vert dense roce iT 
region adjacent to dilated, hypertrophic tubules, many vhicl re newly 
formed, and small collapsed tubules. (About 50.) 
of this type of nephritis. A comparison of our photographs with Fig 
ure 329 in the second volume of his fourth edition will illustrate rather 
better than words the striking similarity. 

The remarkable degree of regeneration in this kidney must be 
emphasized. Practically all the tubules are either relined, or entirely 
reformed. Such new formed tubules are quite commonly found in 


focal disease of the kidney; they are morphologically and functionally 


4 Aschoff | Patl logische Anatomn kd 4 (; Fis her Jena 1919 











Fig. 9.—Remarkable sized. richly nuclear glomerulus, surrounded by bizarre 
shaped dilated tubules. (x 165.) 

















Fig. 10.—Two enormous glomeruli are shown. One is richly cellular, and 
possesses an almost normal capsule. The tuft of the other is shrunken and 
has a greatly thickened hyalinized capsule. (x 165.) 
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insufhicient (Tilp*). Here we find bizarre, branching, greatly enlarged 
tubules which are often gathered into collections resembling 
adenomatous new growth; indeed true adenomas are said to form 
because of excessive regeneration. Many of the tubules contain mitotic 
figures or syncytial cell masses, and in many fields the resemblance to 
fetal structures is most marked. 
DISCUSSION 

In the discussion of this case there are several points which should 
be disposed of briefly before the question of the relation of the renal 
anomaly and the nephritis can be taken up. The first concerns the 
relation of scarlatinal nephritis in early life to the development of 
chronic nephritis in later years. Adult nephritis is frequently attrib 
uted to scarlet fever in childhood and probably incorrectly so in the 
majority of cases. Certain it is that the little evidence available argues 
against rather than in favor of this commonly accepted belief. Scar- 
latinal nephritis, as a rule, either kills or is quite promptly cured, and 
only occasionally results in chronic nephritis, either as a continuation of 
the primary renal inflammation or as a sequel later on. Still ® states 
that of 281 cases of scarlatinal nephritis, 54 per cent. were cured in 
four weeks, and that only about 24 per cent. showed albumin after six 
weeks. Rosenfeld and von Rectenstamm failed to find a single case of 
severe nephritis among ninety-three persons who had had scarlatinal 
nephritis in earlier life, and fifty-two of whom had had an albuminuria 
when discharged from the hospital. Hill* states that chronic nephritis 
after scarlatinal nephritis is not at all a common condition, and among 
thirty cases of chronic nephritis in children he found only four which 
seemed to have followed scarlet fever. Hill quotes Ernberg as having 
found normal urines in all of forty adults who had had acute nephritis, 
before the age of 15. We may, therefore, conclude that although 
chronic nephritis does sometimes follow after scarlatinal nephritis, it is 
evidently somewhat more rare than the general impression would have 
it. At least two distinct forms of nephritis occur as complications of 
scarlet fever, (MacCallum,® Reichel,’® Lohlein,'' Kaufmann"). One 


5. Tilp, A.: Regenerations Vorgange in den Nieren, Habil-schr. Strassburg, 
1912 
6. Still, G. F.: Common Disorders and Diseases of Children, Ed. 3, 1915, 


London, Frowde. 


7. Rosenfeld, J., and von Rechtenstamm, M. S.; Chronische Albuminurien 


nach ueberstandener Scharlach-nephritis, Ztschr. f. Kinderh. 4:265, 1912. 
8. Hill, L.W.: Nephritis of Children, Am. J. Dis. Child. 17:270 (April) 1919. 
9. MacCallum, W.: Textbook of Pathology, Ed. 2, Philadelphia, W. B. 
Saunders Co., 1920. 


7) 


10. Reichel, H.: Ueber Nephritis bei Scharlach, Ztschr. f. Heilk. 26:72, 1905. 
11. Lohlein, M.: Ueber Schrumpfnieren, Beitr. z. path. Anat. 63: 1917. 
12. Kaufmann, E.: Spezielle Pathologische Anatomie, Ed. 6, G. Reimer, 1911 
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in which the renal function may be but little disturbed, and in which 
the lesion consists principally of an interstitial infiltration by round 
cells, mainly plasma cells and lymphocytes. The glomeruli are often 
little or not at all involved; the tubules may show but little degenera- 
tion. This is the acute interstitial (nonsuppurative) nephritis described 
by Councilman '* and others. Similar renal lesions occur in certain 
other acute infections 

In the second form, the glomeruli are particularly involved; they 
appear considerably swollen, are more nuclear because of proliferation 
of the capillary endothelium and also the presence within the capillary 
loops of various leukocytes. H yaline and other thrombi often occlude 
the capillary lumen and render some or all the loops bloodless. An 
exudate of fibrin, cells and debris is frequently present within the 
capsular space. The capsular lining cells often proliferate greatly, 
forming a crescentic outgrowth to which the diseased tuft becomes 
adherent. This typical glomerulonephritis is apt to occur in the third 


week of the disease, or may be postscarlatinal. As in all types of 


glomerulonephritis, secondary degeneration of the tubules, correspond- 
ing to the diseased glomeruli, is present. Combination forms of the 
above types are not infrequently encountered. Concerning the end 
stages of glomerulonephritis (“chronic” glomerulonephritis), it is gen- 
erally conceded that an atrophic, more or less evenly granular, fibrous 
organ may result which is termed “secondary contracted kidney.” 
Little is known about the reparative and terminal stages of the acute 
interstitial nephritis (nephritis interstitialis cicatricans of Aschoff.) 
Chis is principally due to the fact that most patients either die in the 
acute stage, or only give rise to clinical symptoms and terminate fatally) 
at so late an age period that more or less renal scarring: independent of 
the previous process, exists. In other words, it is possible only very 
rarely to find an instance in which the terminal stage of scarlatinal 
nephritis may be studied. 

It may be that the present case offers such an opportunity, if we 
may assume that the scarlet fever was the primary injurious agent and 
that because of the absence of its fellow, the affected kidney was sub- 
jected to so great a strain that a fatal termination took place at an age 
when fibrous changes in the kidney do not usually occur. Aschoff 
believes it probable that certain cases of “genuine” contracted kidney 
(primary contracted kidney, true granular atrophy; true interstitial 
nephritis) may be traced to the acute interstitial nephritis. This 
opinion is not fully accepted by Lohlein, but everything in the present 


case points strongly to the correctness of Aschoff’s supposition. It 1s 


13. Councilman, W. T.: Acute Interstitial Nephritis, J. Exper. M. 3:393 
(July) 1898 
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possible, therefore, that in this instance a true chronic interstitial 
nephritis, resulted from what probably was an acute interstitial 
nephritis 

Che second question concerns the occurrence of chronic nephritis 
before the age of 20. And here we must be careful to differentiate 
between the usual type of chronic nephritis in childhood and true 
chronic interstitial or glomerulonephritis. The latter is relatively rare 
Heubner ** states that chronic hemorrhagic nephritis is the character 
istic type of chronic nephritis in childhood, and that of seventy-three 
cases of nephritis in childhood only one was true chronic interstitial 
nephritis with true contracted kidney. Sawyer also emphasizes its 
rarity and states that it is only rarely caused by scarlet fever. He does, 
however, quote four cases in-which scarlet fever occurred at 8, 6, 12 
and 10 years of age, respectively, and was followed by chronic inter 
stitial nephritis at the ages of 10, 11, 18 and 18, respectively. Much 


‘ 


the same picture has been described under the term “contracted kidney 
secondary to scarlatinal nephritis.” True chronic interstitial nephritis 
may occur at a very early age; several cases under 5 years of age have 
been reported and Sawyer quotes one at 314 years. This is interesting 
in view of the relative immunity of infants to scarlet fever. When it 
does occur it presents much the same picture as in adults but the 
increase of blood pressure and hyperthropy of the heart are more 
variable. Uremia usually terminates the case. Not infrequently true 
chronic interstitial nephritis in children is associated with mental and 
physical underdevelopment. Miller and Parsons,'® in referring to this 
picture of “renal infantilism,” state that it is an accompaniment of 
chronic interstitial nephritis and that it is not syphilitic, and offers a 
poor prognosis Typical cases are very striking. Barber has 
reported two cases in one family; the children were aged 12 and 14 
years respectively, but were markedly underdeveloped. One child died 
in uremia, and at necropsy the kidneys were very small and showed a 


typical chronic interstitial nephritis 


It was stated that the blood pressure may not show elevation This 
was true in Barber’s cases, while Berkley and Lee '* report a case ot 
chronic interstitial nephritis in a boy of 10 years who had a systoli 
blood pressure of 250 and a diastolic blood pressure of 190 

14. Heubner, O Ueber chronische Nephrose im Kindesalter, Jahrl 
Kinderh. 77:1, 1913 

15. Sawyer, J. E. H.: Chronic Interstitial Nephritis in Children, Birming 
ham M. Re $4:511 (Aug.) 1903 

16. Miller, R., and Parsons, | Renal Infantilism, Brit. J. Child. D 


9:289 (July) 1912 

17. Barber, H Chronic Interstitial Nephritis in Children, Brit. M. J 
2:1204 (N 8) 1913. 

18. Berkley, H. K., and Lee, J. M Hypertension, Am. J. Dis. Child. 13: 
354 (April) 1917 
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Che next question concerns the renal anomaly. Complete absence 
of one kidney (aplasia, agenesis, single kidney) must be distinguished 
from the horseshoe or solitary kidney, the result of fusion of two 
kidneys, and from the very small kidney of hypogenesis or of atrophy 
rhe hypogenetic kidney may be extremely small and its presence easily 
overlooked at necropsy, and in the older records many such cases in all 
probability are recorded as instances of true agenesis 

Congenital absence of the kidney is believed to be the result of a 
failure of the Wolffian duct to throw off the corresponding renal bud 
after the duct has reached the cloaca. Males are twice as frequently 
affected as females, and it is the left kidney which is more often absent. 
Congenital anomalies of the genitalia are not uncommonly associated 
with this renal anomaly, and the genital anomaly is usually on the side 
of the absent kidney. Guizzetti’® found that one half of forty-six 
cases of single kidney showed some genital anomaly, and others have 
reported a similar figure. It has even been suggested that this finding 
of a genital anomaly should warn of the possible absence of a kidney 

True agenesis of the kidney is not extremely rare. Dorland *° quotes 
the combined statistics of Morris, Petersen, Rootes, Sangalli and Men 
zies as showing eleven cases in 25,142 necropsies, or one in 2,286. He 
also refers to the reports by Moore of one in 2,400; Gerard, one in 
2,500; and Weir, one in 5,000. Guizzetti found seven in 2,848 
necropsies, and also reported an earlier series of thirty-nine in 20,000 
necropsies 

The total number of cases of this anomaly reported is quite high 
Dorland, in 1909, placed the total at 300, while Anders, in 1910, 
accepted only 286 cases of which he had collected sixty-one cases 

The last question concerns the influence which this, or similar, renal 
anomalies may have on the existing kidney. It would seem that 
possibly the existing kidney might suffer simply as a result of the 
greater demands made on it in the absence of its fellow, or that it 
might be impaired congenitally as a part of the developmental fault 
which led to the absence of the opposite kidney. Anders studied this 
question and came to the conclusion that while longevity is not 
markedly abridged, yet a greater than the normal percentage among 
subjects of congenital single kidney die of kidney complaints. He 
found that in 170 cases in which the renal changes were given, seventy- 
nine, or 46.5 per cent., showed morbid lesions other than mere com 
pensatory hyperthropy, and that thirty-two cases, or 42.3 per cent. of 


the fatal cases, showed chronic nephritis. Of these, nineteen were con- 


19. Guizzetti, P Sulla Coesistenza di anomalie Renali con Anomalic 
Genitali, Riforma med. 34:646 (Aug. 17) 1918. 
AX). Dorland, W. A. N. \ Consideration of Renal Anomalies, Surg.. Gyn 


& Obst. 13:303 (Sept.) 1911. 
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sidered chronic interstitial nephritis; two were chronic parenchymatous 
nephritis, and in eleven the type of chronic nephritis was not specified 


In the group of sixty-one cases collected by Anders himself, there were 


s I 
twenty-seven cases in which the single kidney was examined; fifteen 
showed nephritis. Of this group seven were of the chronic interstitial 
variety, six were recorded as chronic nephritis, one as_ chroni¢ 
parenchymatous nephritis, and one was acute 

These figures of incidence are high, but of the seven cases ot 
chronic interstitial nephritis three patients were over 61 years of age 
at death, one patient was 45, and none was less than 21; the age at 
death in the fifteen cases showing various forms of nephritis were as 
follows: Between 21-30, four cases; 31-40, two cases; 41-50, two 
cases; 51-60, two cases; 61-70, four cases; over 71, one case. It is 
evident, therefore, that a number of these patients died at an age when 
the finding of some chronic nephritis is not at all unexpected. Anders’ 
figures, though no doubt correct, may perhaps be somewhat too high 
from this point of view but there is no reason to doubt his conclusions. 

Sometimes the single kidney is dystopic and may even be found in 
the pelvis. Rolleston *! reported one such case and collected six others 
from the literature; only one of these seven was known to have any 
renal disease but that one died at the age of 10 in uremia from 
parenchymatous nephritis. Rolleston remarks that the dystopic kidney 


is especially lable to disease and that this liability is remarkably 


increased if it is a single kidney. Schaaning makes the same statement 
concerning the solitary, or fused, kidney and the misplaced kidney, 
that they are peculiarly liable to disease 

Hypogenesis of the kidney is an anomaly which in a varying degree 
places the existing renal tissue under similar conditions as does agenesis 
of one kidney. In fact, when one appreciates that the hypogenetic 
kidney may weigh less than 1 gm., and be found only by microscopic 
examination, it is obvious that from the point of view of renal function 
and strain on the existing kidney there is little or no difference between 
marked hypogenesis and complete agenesis. [Embryologically, there 
may be an important difference, and the nature of the developmental 
fault may influence the vitality of the functionating kidney tissue, but 
this is beyond our present knowledge 

Coplin contends that there 1s a type of renal anomaly of devel- 
opmental origin which predisposes to or renders inevitable some form 
of nephritis. He refers particularly to hypogenesis rather than to 
agenesis, and he believes that the original fault is probably primarily a 
defective arteriogenesis. In the group of cases which he describes, the 
hypogenesis varies considerably. In some cases one kidney is very 


small while the other is normal or even shows hypertrophy; in other 


Rolleston, J. D Pelvic Kidney, Brit. J. Child. Dis. 18:80 (March) 1916 
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cases both kidneys are much below the normal size, just as in the 
agenetic group the association of genital anomalies and dystopia of the 
kidney is not infrequent. Concerning the liability of such patients to 
nephritis, Coplin says: “of nine cases embraced in this study, in three, 
renal disease was clearly indicated, and in one the diagnosis of chron 
interstitial nephritis was made with full recognition of associated 


cardiovascular phenomena; in another the diagnosis was chronic 


nephritis.” Coplin concludes that “nephritis, toxemia, or uremia 
coming on in young persons without adequate cause should arouse 
suspicion.” He evidently feels that this anomaly renders the subject 


liable to nephritis, but he acknowledges that patients may reach old 
age without any symptoms. A call at any time for unusual functional 
activity of the kidney may cause a breakdown. 

Babes reported six cases which closely resemble Coplin’s cases, and 
which clinically are very like our case. His patients were all under 30 
years of age; they were anemic and below par. Each patient developed 
after some minor infection a sudden onset of uremic symptoms leading 
rapidly to death. The urine was quite abundant, of low color, and 
contained considerable amounts of albumin and casts. There was 
some left ventricular hypertrophy and the pulse was hard. Epistaxis, 
hemoptysis and purpura Were not uncommon \t the necropsy the 
kidneys were both present but one or both were very small, lower in 
position than normal and supplied by a renal artery smaller than 
normal. One kidney sometimes weighed as little as 20 gm., and in two 
instances one kidney was almost agenetic while the other was hyper- 
trophied. Microscopically, the picture was neither a simple nephritic 
sclerosis nor a simple arteriosclerosis, nor does Babes consider the 
condition a simple arterial inadequacy, but a true hypogenesis, perhaps, 
with a superadded nephritis. Jianu and Meller * followed up Babes’ 
work with further observations but added nothing new. 

This brief summary of the evidence certainly justifies the opinion 
that the renal anomalies, agenesis, hypogenesis and possibly dystopia 
are associated with a greater than normal liability to chronic nephritis 
Some of the evidence suggests that nephritis is not the only form of 
renal disease to which such individuals are subject, but that stone, 
tuberculosis, etc., are also frequently associated. This is, however, 
outside the question under discussion 

Why the single kidney should be liable to nephritis is not known. 
Speculation may follow the two lines previously suggested. Undoubt- 
edly the absence, or extreme hypogenesis, of one kidney results in an 


increased demand on the other kidney which might well be thought to 


22. Jianu, J., and Meller, O EKinige Bemerkungen tiber hypogenetische 
Nephritis, Centralbl. f. allg. Path. u. path. Anat. 23:774 (Sept. 15) 1912. 
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be sufficient to result, in many instances, in nephritis. This explanation 
is not so adequate for the cases in which the opposite kidney shows 
hypertrophy, nor do the results after nephrectomy add strength to the 
hypothesis. Nor do the cases of bilateral moderate hypogenesis seem 
to bear it out. Finally, it is impossible to explain on a simple quantita 
tive reduction in renal tissue the tendency to nephritis described in 
fused kidneys or in dystopic kidneys. 

On the other hand, there is the hypothesis that the congenital malde 
velopment has also influenced the single kidney in the case of agenests. 
or the apparently normal kidney opposite the markedly hypogenetic 
one. This hypothesis seems the more reasonable but would seem to be 
open to pathological demonstration. A congenital influence sufficient to 
render the kidney liable to chronic disease might, perhaps, be expected 
to show some sign although it is possible that this very occurrence ts 
common but unrecognized. 

In the group of hypogenetic kidney cases Coplin argues for a 
primary defective arteriogenesis while Babes claims that there is pres 
ent a true congenital alteration of structure. These statements onl) 
indirectly enter into the question of the single kidney concerning which 
there is less evidence. Many of the single kidneys are noted as having 
marked fetal lobulations as did our own case. Dorland, however. 
states that the single kidney is almost always normal in shape, but Rol 
leston mentions fetal lobulations. There is no known evidence, how 
ever, to suggest that fetal lobulations per se are indicative of lowered 
functional efficiency. It seems at least possible that the various groups 
of cases briefly touched on above and which all have certain points in 
common must surely be correlated in some manner and must have 
some factor common to all to explain the evident tendency to nephritis 
Certain it is that in all these cases the renal function is easily impaired 
and that the renal factor of safety is reduced 

When one considers the case herein reported from the point of 
view of the anomaly and the subsequent nephritis, one is struck by 
the similarity which it bears to the groups discussed by Coplin, Anders 
and Babes. This is true, not only of the clinical picture, but also, of 
certain aspects of the kidney itself. But even granting the absence of 
one kidney and some congenital malformation of the other, this does 
not complete the story. In every instance there must be some addi 
tional factor, some actual cause of the nephritis. That this factor is 
often overlooked is to be explained on the apparently unimportant 
nature of the injury which would be sufficient to bring about nephritis 
in such handicapped individuals. Perhaps, the same trifling causes 
which in normal individuals bring about the chronic nephritis of adult 
years would be capable in individuals with renal anomalies of bringing 


about a similar renal disease at a much earlier age 
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In our case the problem is, perhaps, simplifed by the attack ot 
scarlet fever; for although there is no positive evidence, the history of 
ill health dating from the scarlatinal attack and the renal changes found 
at necropsy suggest that a scarlatinal nephritis occurred. As has been 
said, such a scarlatinal nephritis in an otherwise normal individual 
either promptly leads to a fatal outcome, or is apparently cured; no 
evidence of chronic nephritis appearing until, at least, many years 
after. In our patient, however, the existence of the renal anomaly 
brought about in an unusually short time a fatal degree of chronic 
nephritis. 

SUM MARY 

1. A clinicopathologic study is reported of a fatal case of renal 
disease in a 14 year old girl. 

2. The clinical picture was that of a uremia terminating a chronic 
interstitial or glomerular nephritis \ll the usual evidences, both 
clinical and laboratory, were present. In addition there was a marked 
purpuric tendency. 

3. The postmortem disclosed aplasia of the left kidney ; histopatho- 
logic study of the small right kidney showed a combination of true 
chronic interstitial nephritis and chronic glomerulonephritis. A remark- 
able degree of regeneration was seen, which, however, was morpho 
logically and functionally insufficient (frustrated regeneration ) 

4. An attempt to weigh the evidence concerning etiology leads to 
the tentative conclusion that this unusual picture was the result of the 
injurious action of scarlatina initiating a nephritis, which, because of 
the inadequate and possibly anomalous kidney present, rapidly resulted 
in a condition analogous to chronic nephritis of adults. 
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lL LIVER REGENERATION FOLLOWING CHLORO 
FORM INJURY AS INFLUENCED BY THE 
FEEDING OF CASEIN OR GELATIN 


N. C. DAVIS+ ann G. H. WHIPPLE, M.D 


SAN FRANCISCO 


This paper continues the investigation of liver cell repair as 
influenced by diet factors. Other papers ' show the influence of meat, 
fat and carbohydrate feeding on the reconstruction of liver cells. It 
has been pointed out that a uniform central liver necrosis involving 
half or more of the liver cells can be readily produced by chloroform 
anesthesia or chloroform injection following a standard fasting period 
Under favorable diet conditions this liver necrosis may be completely 
repaired by the formation of new liver cells in a period of from seven 
it the dead liver 


to ten days. The solution or autolysis and removal 
cells precedes the construction of new liver cells. The construction 
of this great mass of liver cells is a truly remarkable reaction which is 
worthy of much study his speed of growth or reproduction far 
exceeds the new growth seen in the most malignant neoplasms or even 
growing embryonic tissues. It seemed highly desirable to study this 
new formation of specialized cells to determine the factors which may 
control, favor or hamper the cell reconstruction 

It is very significant that abundant carbohydrate feeding (cane 
sugar) is quite favorable to rapid liver cell repair and complete cell 
repair may be attained without the intake of any nitrogenous material 
Chis shows very careful conservation of nitrogenous fractions in the 
body and proves that sugar may at times act directly by conservation 
of protein split products in its protein sparing action 

Glycogen is so intimately concerned in the life cycle of the liver 
cell that possibly sugar feeding has greater influence for the rapid 
development of liver cells than of other body cells. Fat apparently is 
not concerned in this liver cell repair and in the diet under such condi 
tions seems to be inert, although furnishing energy requirements 

The repair and construction of red blood cells have been studied 
in this laboratory * and stand in marked contrast to the liver cell con 
struction. Carbohydrate has a minimal influence on the red cell con 





*From the George Williams Hooper Foundation for Medical Research, 
University of California Medical School. 
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struction as contrasted with meat proteins, for example. This indicates 
wide individual variation in the repair or reconstruction complex of 
various body cells. 

We hope to study the influence of several simple proteins and 
protein split products upon this standard repair of liver cells. At 
this time we wish to report in detail the experiments dealing with two 
common proteins, one of which (casein) is a complete protein and the 
other (gelatin) an incomplete protein. 

Casein may be considered a representative of the “comiplete pro- 
teins” ( Abderhalden, Fischer, and others). The amino-acid glycocoll, 
which is absent, is known to be synthesized in animal metabolism 
when needed. The content of cystine is relatively low. Gelatin ® is 
quite high in glycocoll, but lacks the important amino-acids tyrosin, 
‘incomplete protein.” 


tryptophan and cystin, and is, therefore, an 
oth casein and gelatin are readily obtained commercially in a com 
paratively pure condition. 

It is interesting to compare the assistance given by such different 
substances in the rapid repair of body tissue. Obviously our short 
feeding experiments of seven to ten days are not comparable with the 
long continued growth and general maintenance experiments. 


METHOD 


The routine of our regeneration experiments has been described 
elsewhere.’ In brief: The animal is starved for a short period; a 
liver injury is obtained either by chloroform anesthesia or by sub 
cutaneous injection of chloroform; feeding is begun the day after 
administration of the drug; a biopsy specimen for microscopic examina- 
tion is removed from the liver on the second day (this shows the 
initial injury, with practically no repair) ; feeding is continued for any 
desired period following operation, usually about seven days; a liver 
specimen is then secured either by another operation or by sacrifice of 
the animal (this shows the amount of regeneration which has taken 
place in the liver parenchyma). An animal may frequently be used 
for two or more experiments. 

Dogs seldom eat pure gelatin or pure casein from their food pans 
in any considerable amounts. It has been found satisfactory, though 
somewhat laborous, to make a thin casein mush in warm water and 
feed it to the animals by spoon. Gelatin is always given in warm 
solution by stomach tube. A suitable amount of salt is given with 
both substances. The animals will often retain their food better if 
the desired ration is given in divided doses throughout the day. 


3. Fischer, E.: Levene, P. A.. and Aders, R. H.: Ztschr. f. physiol. Chem 
35:70, 1902. Levene, P. A.. and Beatty, W. A.: Ibid. 49:252, 1906. 
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EXPERIMENTAL OBSERVATIONS 
In the accompanying table are summarized the results of feeding 


experiments with casein and gelatin. Protocols follow 


Liver Repair INFLUENCED BY FEEDING oF CASEIN AND GELATIN 





Average 
Feedd- Daily 
hxperiment Liver Injury ing. Amount Liver Repair Re irks 
Days Food, 
Gu 
( psein 
No. 1 wr, necrosis: x low ‘ nrepaires S e vomiting « 
Dog 41 trace of fat no fat d day: developed 
distemper; killed 
No.2 HO-45°) necrosis: ’ ” | epaired Vomiting on d 
Dog 26 slight trace of day: bright and 
fat retive 
No. 4 W-5O] MECTOSI=; Wn 25% egenerated; Vomiting of al 
Dog +111 fat moderate fat heavy around day: wound broke 
central veins down; killed 
No. 5 30-355) necrosis: he) Regeneration prac No vomiting 
Dog 21-18 trace of fat tically complete maintained 
weigh 
No. § 45-50% necrosis: ’ ‘i 10-15% unregener No vomiting: died 
Dog 21-26 fat heavy to ated; fat mod der at 
lobule perip! erate it final 
gative 
‘selatin 
No.3 H-H5% necrosis 6s 1 unrepaired Vomiting on 4th 
Dog iG slight trace of slightest possibk lay: bright and 
fat trace of fat active 
No. 6 (65% necrosis; ) 100 Regeneration prac Vomiting on 3 
Dog 21-18 fat heavy to tically complete: day: weak toward 
lobule periph heavy trace of fat end of experiment 
eries in central cells 
No.7 65% necrosis: ) Le Oo) unregenerated Vomiting on &t! 
Dog 21-26 fat heavy to . fat moderate day: bright and 
lobule perip! active 
eries 
No. 9 20-30% necrosis; ) aL Regeneration prac Vomiting on “1 
Dog 20-77 | severe injury up tically complete day; in good con 
| to 40%: slight scat slightest possible lition throughout 
tering of fat trace of fat 
No. 10 ary necrosis ’ 5 WIS unre No vomiting: died 
Dog 20-108 generated inder anesthesia 
it 2d operation 
kidney sections 
show slight ne 
phritis 


EXPERIMENT 2.—Casein Feeding. Dog 20-66. White mongrel male 

Jan. 8, 1920. Weight, 21.12 pounds. Just recovered from distemper; 
good condition. Isolated for starvation after daily feeding 

January 9, 10 and 11. No food 

January 12. Weight, 19.5 pounds. Active. Chloroform anesthesia, 1 hour 
(5:10 to 6:10 p. m.). 

January 13. Weight. 19.5 pounds. Active. Left 125 gm. casein, and salt 
and a little beef extract (all moistened) in cage. 

January 14. Weight, 19 pounds. Active. Ate about 75 gm. casein left in 
cage. Piece of liver removed at 2:30 p.m. Vomited later. Left a little caseir 
in cage—no forced feeding. 

January 15. Weight, 18.5 pounds. Bright and active. 120 gm. caseir 


spoon feeding. 
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January 16. Weight, 19 pounds. Bright and active. 125 gm. casein by spoon 
feeding. 
January 17. Weight, 18.7 pounds. Bright and active 125 gm. casein | 


< 


spoon feeding 

January 18. Weight, 18.7 pounds sright and active. 125 gm. casein |! 
spoon feeding 

January 19. Weight, 18.4 pounds. Bright and active. 125 gm. casein | 


te 


te 


spoon feeding 
January 21. Piece of liver removed at 2:30 p. m 
January 28. Wounds almost well. In excellent condition 


Sections First operation, from 60 to 65 per cent. necrosis. Slight trace 
ot tat 
Sections Second operation 15 per cent unrepaired. 


EXperiMeNt 5.—Casein Feeding. Dog 21-18. Young brindle mongrel, male 

Sept. 14, 1920. Weight, 25.5 pounds. In good condition. Old keratitis and 
staphyloma of right eye suggest previous distemper infection. Isolated after 
daily feeding: fasting begun. 

September 15, 16 and 17. No food. 

September 19. Weight, 23.8 pounds. Chloroform anesthesia for forty-five 
minutes (3 to 3:45 p. m.). Gave 10 mg. sodium cyanid in 100 c.c. physiologi: 
sodium chlorid solution intravenously during thirty-five minutes of anesthesia 

September 18. Weight, 23.3 pounds. A little dull. Gave 100 gm. casein and 
salt by spoon feeding. 

September 20. Weight, 23.5 pounds. A little dull. Gave 100 gm. casein 
and salt as before. Piece of liver removed at 3 p. m. Liver looks injured 
im gross 

September 21. Weight, 23.25 pounds. Dull. Nose shows slight discharge 
100 gm. casein. 

September 22. Weight, 23.4 pounds. Dull. Nose shows slight discharge 
100 gm. casein 

September 23. Weight, 23.4 pounds. Wound infected, but not broken down 
100 gm. casein 

September 24. Weight, 23.7 pounds. Nose condition clearing up. 100 gm 
casem 

September 25. Weight, 23.7 pounds. No nasal discharge. Thin purulent 
oozing from wound. 100 gm. casein. 

September 26. Weight, 23.8 pounds. Constipation probably accounts for 
some of gain in weight. 100 gm. casein 

September 27. Weight, 23.7 pounds. Wound superficially open. 100 gm 
e of liver removed. 


casein. Operation at 2:30 p. m. Small piec 
Sections First operation, from 30 to 35 per cent. necrosis; trace of fat 
Sections Second operation, almost complete regeneration; less than 10 


per cent. not filled out. Slightest possible trace of fat. 
ExpertMENT 6.—Gelatin Feeding. Dog 21-18. Young brindle mongrel, male 
Oct. 19, 1920. Weight, 30.7 pounds. Former operative sites in good con 
dition. Isolated after daily feeding; fasting begun 
October 20, 21 and 22. No food. 


October 23. Weight, 27.5 pounds. Active and in good condition. Chloro 


form anesthesia for forty-five minutes (3:40 to 4:25 p. m.). 100 cc. physio 
logic sodium chlorid solution intravenously during anesthesia 

October 24. Weight, 27 pounds. Active. 100 gm. gelatin and salt in 300 cx 
water by stomach tube 

October 25. Weight, 25.5 pounds. Active. No vomiting. 100 gm. gelatin 
given in divided doses. Piece of liver removed at 2:30 p. m 

October 26. Weight, 25.5 pounds. Bright and active 100 gm. gelatin in 
divided doses (partly vomited) 

October 27. Weight, 25.4 pounds. Active 100 em. gelatin as before Ne 


vomiting 
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October 28. Weight, 25 pounds. Rather quiet. 190 gm. gelatin as before 
No vomiting. 

October 29. Weight, 25.1 pounds. Quiet and somewhat weak 100 gm 
gelatin as before. No vomiting. 

October 30. Weight, 25.25 pounds. Rather weak. Removed stitches yester 
day evening and wound has opened because of infection. 100 gm. gelatin in 
divided doses. No vomiting. 

October 31. Weight, 24.75 pounds. Seems bright, but not active. 100 gm 
gvlatin at one feeding. No vomiting. 

November 1. Weight. 24.5 pounds. Inactive. 100 gm. gelatin at one feed 
ing. No vomiting. Piece of liver removed at 3:30 p. m. 

Sections: Third operation, from 60 to 65 per cent. necrosis; fat heavy t 
lobule peripheries. 

Sections: Fourth operation, almost complete filling in of lobules (less than 
10 per cent. unregenerated); lobule centers show heavy trace of fat. 

EXPERIMENT 7.—Gelatin Feeding. Dog 21-26. Young, long-haired mongrel, 
female. 

Oct. 5, 1920. Weight, 18.8 pounds. In good condition: active Isolated 
after daily feeding; fasting begun. 

October 6, 7 and 8 No food. 

October 9. Weight, 16.9 pounds (7.7 kilos). Active. Chloroform anes 
thesia for forty-five minutes (3:35 to 4:20 p. m.). During forty minutes of 
this time 260 c.c. of 1 per cent. sodium carbonate in hypertonic saline solution 
(1.4 per cent.) were given intravenously (approximately 34 c.c. per kilo) 

October 10. Weight, 16.25 pounds. Bright and active. Gave 60 gm. gelatin 
and salt in 200 c.c. water by stomach tube. 

October 11. Weight, 16.5 pounds. Active. No vomiting yesterday. 60 gm 
gelatin. Piece of liver removed at 4 p. m. Liver looks fatty. 

October 12. Weight, 16.4 pounds. Quiet. 60 gm. gelatin by stomach tube 
(lost a little). 

October 13. Weight, 15.75 pounds. More active today. 60 gm. gelatin. No 
vomiting. 

October 14. Weight, 15.5 pounds. Rather quiet. 60 gm. gelatin in divided 
doses. No vomiting. 

October 15. Weight, 15.4 pounds. Quite active. 30 gm. gelatin in morn- 
ing, 60 gm. in evening. 

October 17. Weight, 14.5 pounds. Active. 75 gm. gelatin. Wound open 
a little. 

October 18. Weight, 14.6 pounds. Bright and active. 75 gm. gelatin 
(Vomited some last night.) Piece of liver removed at 2:30 p.m. Encountered 
a little peritoneal fluid, slightly cloudy. 

Sections: First operation: 45 to 50 per cent. necrosis; fat heavy to lobule 
peripheries. 

Sections: Second operation: about 10 per cent. unregenerated ; fat moderate 

EXPERIMENT 8.—Casein Feeding. Dog 21-26. Young, long-haired mongrel 
female 

November 16, 1920. Weight, 18.9 pounds. In good condition. Dow had a toucl! 
of distemper since last used, but has recovered Isolated after daily feeding 
fasting begun 

November 17, 18 and 19. No food 

November 20. Weight, 16.6 pounds (7.55 kilos). In good condition, active 
Chloroform anesthesia for forty-five minutes (2:05 to 2:50 p. m.). During 
forty minutes of this period 260 c.c. hypertonic saline solution (1.4 per cent 
was given intravenously (34+ c.c. per kilo). 

November 21. Weight, 16 pounds. Bright and active. 60 em. casein and 
salt by spoon feeding 

November 22. Weight, 16.5 pounds 3right and active. 60 gm. casein and 
salt by spoon feeding. Some casein was vomited yesterday Piece of liver 


removed at 12 noon; fatty and friable 
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November 23. Weight, 16.25 pounds. Somewhat weak. ‘There appears 
have been some oozing from wound. 60 gm. casein in divided doses. 

November 24. Weight, 16 pounds. Bright and active. 60 gm. casein in 
divided doses 

November 25. Weight, 16 pounds. Bright and active. 60 gm. casein at 
one feeding. 

November 26. Weight, 16.1 pounds.- Bright and active. 60 gm. casein at 
one feeding. 

November 27. Weight, 15.9 pounds. Bright and active. 60 gm. casein at 
one feeding 

November 28. Weight, 15.6 pounds. Bright and active. 60 gm. casein at 
one feeding. Wound healing nicely. 

November 29. Weight, 15.4 pounds. Bright and active. 60 gm. casein at 
one feeding. Operation in afternoon; dog died under anesthesia. Necropsy 
essentially negative. 

Sections: Third operation: from 45 to 50 per cent. necrosis; fat heavy t 
lobule peripheries. 

Sections: Necropsy: from 10 to 15 per cent. unregenerated; fat moderate 

EXPERIMENT 9.—Gelatin Feeding. Dog 20-77. Young female terrier 

Feb. 21, 1920. Weight, 11.5 pounds. Active and in good condition. Isolated 
after daily feeding; fasting begun. 

February 22, 23, 24 and 25. No food 

February 25. Weight, 10 pounds. Active. Chloroform anesthesia one hour 
and ten minutes (3:20 to 4: 3 p. m.). 

February 26. Weight, 9.5 pounds. Active. 50 gm. gelatin in 200 cc. water 
by stomach tube. 

February 27. Weight, 9.5 pounds. Active. 50 gm. gelatin in 200 c.c. water 
by stomach tube. Food partly vomited. Piece of liver removed at 10:30 a. m. 

February 28. Weight, 9.5 pounds. Active. 50 gm. gelatin by stomach tube. 

February 29. Weight. 9.1 pounds. Active. 50 gm. gelatin by stomach tube 

March 2. Weight, 8.75 pounds. Active. 50 gm. gelatin by stomach tube. 

March 2. Weight, 8.6 pounds. Active. 50 gm. gelatin by stomach tube. 

March 3. Weight, 84 pounds. Active. 50 gm. gelatin by stomach tuhe. 
peration wound opening slightly. 

March 4. Weight, 8.2 pounds. Rather quiet. 50 gm. gelatin by stomach tube. 

March 5. Weight, 8.2 pounds. Rather quiet. 50 gm. gelatin by stomach tube. 
3:30 p. m., removed piece of liver. 

Sections: Second operation: from 25 to 30 per cent. necrosis, injured up 
to 40 per cent, with scattering of fat. 

Sections: Third operation; slightest possible trace of fat; repair almost 
complete. 


The following experiments were undertaken with the idea of 
supplementing a sugar diet with casein. The protein was digested 
with pancreatic extract so that it became soluble. Since the digest was 
very nauseating, an attempt was made in one experiment to give it 
by the intraperitoneal route. In addition to the animals in Experiments 
12 and 13, another dog was given sugar and casein digest by stomach 
tube. This dog died on the sixth day after chloroforming with very 
toxic symptoms and autopsy showed less than one-half of the liver 
injury repaired. 

It is clear that this casein digest amino-acid mixture was much 
more toxic to a dog poisoned by chloroform than to a normal animal 
The significance of this observation is not apparent but further investi- 


gation of this point should be made. 
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EXPERIMENT 11.—Caseim Digest I/ntraperitencali Control Dog 20-78 
Long-haired mongrel, male. 

Feb. 4, 1920. Given 5 gm. casein digest dissolved in 35 c.c. physiologic 
sodium chlorid solution, intraperitoneally. No reaction. 

February 5 and 6. Dog clinically as usual 

February 7. 10 gm. casein digest intraperitoneally. No reaction 

Feb. 8 and 9. As well as usual. 

February 10. Sacrificed. Necropsy negative 

EXPERIMENT 12. —S ugar Feeding; Casein Digest 1) trap toneally Dog 20-64 
Large, black spaniel, female. 

Feb. 7, 1920. Weight, 33.75 pounds. In excellent condition. Isolated after 
daily feeding; fasting begun. 

February 8, 9 and 10. No food. 

February 11. Weight, 29.6 pounds. Active. Chloroform anesthesia for one 
hour and five minutes (3:30 to 4:35 p. m.) 

February 12. Weight, 29.2 pounds. Bright and active. 100 gm. cane sugat 
and kaolin by stomach tube. 

February 13. Weight, 28.6 pounds. Somewhat dull and weak. Food as 
yesterday. Piece of liver removed at 3:45 p. m.: gross appearance of severe 
injury. (Sections show from 50 to 55 per cent. necrosis.) 

February 14. Weight, 29 pounds. Dog is quite sick. Pulse rapid and weak; 
temperature subnormal. No jaundice or hemorrhages; 100 gm. cane sugar by 
stomach tube; 5 gm. protein digest intraperitoneally in 25 c.c. water. All intra 
peritoneal injections given under light ether anesthesia 

February 15. Weight, 29.3 pounds. Weak, but not so sick as yesterday 
Sclera jaundiced. 100 gm. sugar by stomach tube: 5 gm. protein digest in 
20 c.c. fluid intraperitoneally. 

February 16. Weight, 28.3 pounds. Still weak. 100 gm. sugar by stomach 
tube; 10 gm. protein digest in 45 c.c. fluid intraperitoneally. 

Feb. 17. Weight, 28 pounds. Sugar as before; 10 gm. protein digest in 30 
c.c. fluid intraperitoneally. 

February 18. Weight. 27.6 pounds. 150 gm. sugar by stomach tube; 15 gm 
protein digest in 45 c.c. water intraperitoneally. 

February 19. Weight, 27.25 pounds. Sugar and protein digest as yesterday 
Weak. 

February 20. Weight, 25.1 pounds. Sugar and protein digest as yesterday 
Vomited a little. Very weak. Great quantities of thin, reddish-brown diarrhea 
Died about noon. 

Vecropsy Report——All tissues intensely jaundiced Some hemorrhage into 
abdominal wall, especially around operative site and points of injection. Peri 
toneal cavity contains some fluid, perhaps largely from injection in morning; 
fluid looks blood tinged. Peritoneal surfaces and mesentery are engorged and 
purplish; there are occasional fibrin deposits; a loop of intestine is adhered t 
anterior wall on left side. Fat overlying pericardium appears hemorrhagic 
Heart negative. Blood is massively clotted. 

Lungs are mottled light and dark (mostly posterior), but there seem t 
be no hemorrhages or consolidation. 

Liver, in addition to jaundice, is extremely mottled, suggesting great lack 
of repair. There are a number of small antemortem clots throughout the 
parenchyma. 

Spleen shows extensive hemorrhages. 


Kidneys: dark; cortices somewhat swollen and cloudy, suggesting paren 
chymatous degeneration 
Mucosa of gastro-intestinal tract and bladder negative. 


Microscopic Report—Lungs: hemorrhagic exudate; congestion. Spleen and 
lymph nodes: hemorrhages and necrosis. Liver: from 10 to 15 per cent. not 
repaired. Kidneys: cloudy swelling 

EXPERIMENT 13.—Sugar and Casein I) t Feeding Dog 20-76. Black 


mongrel, female. 
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April 28, 1920. Weight. 14.75 pounds. In good condition (three previous 
experiments). Isolated after daily feeding; fasting begun. 

April 29 and 30. No food. 

May 1. Weight, 13.25 pounds (6.023 kilos). Dog in good condition. Gave 
1.27 c.c. chloroform (0.21 ¢.c. per kilo) plus twice its volume liquid petrolatum 
subcutaneously. 

May 2. Weight, 13.1 pounds. Bright and active. Gave by stomach tul 
50 gm. cane sugar, 15 gm. protein digest and a little kaolin. 

May 3.—Weight, 12.9 pounds. Vomited some yesterday. Food as yesterday 
except 5 gm. less amino-acids. Vomited some about one and a half hours after 
feeding. Operation at 2:30 p. m. Cut out one of preceding operative scars; 
no difficulties. Piece of liver removed. 

May 4. Weight, 12.6 pounds. Active. Fed 100 gm. cane sugar and 15 gm 
protein digest in divided doses, by stomach tube. 

May 5. Weight, 12.3 pounds. Active. Food as yesterday. Some vomiting 
in morning. 

May 6. Weight, 12.1 pounds. Active. Food as yesterday. Some vomited in 
morning. Put dog in metabolism cage; to receive less water. 

May 7. Weight, 12 pounds. Quiet. Food as yesterday. Not vomited. 
May 8. Weight, 11.4 pounds. Quiet. Food as yesterday. Partly vomited 

May 9. Weight, 11 pounds. Quiet. Gave 50 mg. cane sugar and 15 gm 
protein digest. Largely vomited. 

May 10. Dog is quite weak. Operation at 11 a. m. 

The value of the experiment is much decreased because of vomiting. On 
some days there was little or no vomiting, and when it did-occur it was often 
late; however, probably one third or one half of food was lost. Feces were 
passed on three occasions during experiment, small amounts of soft, brown 
material. 

Operation on Second Day: 45 to 50 per cent. necrosis; fat moderate. 

Operation on Ninth Day: about 15 per cent. unregenerated; trace of fat 

Note: Casein digest yields only 28 mg. amino-nitrogen per gram, indi- 
cating that approximately 17.5 per cent. of mixture consists of amino-acids 


DISCUSSION 


\ comparison of the liver regeneration on diets of casein and 
gelatin shows that in this series the results have been about the same, 
the superiority, if any, resting with gelatin. This means that the 
liver cells were not repaired entirely by amino acids coming from the 
gelatin, but that the latter must necessarily have been supplemented 
by “building stones” from endogenous katabolic waste material per 
haps in part from the necrotic liver cells. 

Regeneration with these isolated proteims has been equal to that 
with meat diets, better than that on starvation or with fat diet, and 
less complete than that with mixed table scraps, bread and milk, or 
even a pure carbohydrate diet.'. One might infer that in the rapid 
regeneration of liver cell protein the conservation of metabolic end 
products plays a larger part than the furnishing of new protein material 
Evidently, under certain conditions, energy requirements have pre- 
cedence over reparative processes to the extent that incoming protein 


material may be stripped by de-aminization, to a point where syn 


thesis of cell protoplasm is hampered. 
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(Owing to the tendency to vomiting, it has usually been necessary 
to give less of gelatin than of casein per day. Loss of weight has 
been less marked in the case of casein feeding. 

In experiment 7, carbonate solution was given intravenously dur 
ing chloroform anesthesia, while in Experiment 8 on the same dog 
only saline solution was injected, yet the injuries were identical 
Whether or not chloroform causes an acidosis, and this im turn ts 
relieved by alkaline therapy, has no bearing on our work—carbonate 
solution intravenously certainly is not able to prevent in any measure 


the liver injury caused by chloroform 


SUMMARY 


Gelatin, although an “incomplete protein,’ seems to be equally 
as efficacious as casein in the regeneration of liver parenchyma 
destroyed by chloroform. 

After a 50 to 6O per cent. necrosis, a feeding period of nine days 
with either substance will restore the liver to within 10 or 15 per cent 
of normal. This liver cell regeneration is comparable to that obtained 
with a meat diet, approaches that given by a high carbohydrate diet, 
is definitely less than with a full mixed diet, but greater than with 
a fat diet or with fasting. 

The liver repair on gelatin feeding emphasizes again the important 
fact that the body is able to conserve certain amino acids or split 


products from its endogenous wastage products and recast these groups 


into the complex liver cell 





STUDIES IN THE RESPONSE OF THE CIRCU- 
LATION TO LOW OXYGEN TENSION. IV 


\ SPILYGMCGRAPHIC STUDY OF THE PULSE DURING THE 
REBREATHER TEST 


N. ¢ GILBERT, M.D. ann CHARLES W. GREENE, Pu.D 


CHICAGO COLUMBIA, MO. 


In the examination of candidates to be placed on a flying status, 
and in the re-examination of aviators, it has occasionally happened 
that sufficient weight has been given to the occurrence of irregularities 
in the pulse to disqualify the subject for a flying status, or to give him 


a lower rating than that to which he would otherwise be entitled. Some 


apprehension has also been expressed in regard to the development of 
arrhythmias at lowered oxygen tension. 

The work in this paper was to determine what, if any, were the 
effects of lowered oxygen tension on the rhythm of the heart, as deter- 
mined by means of the sphygmograph. The tests were done at the 
Medical Research Laboratory of the Air Service, at Hazelhurst Field, 
Mineola, Long Island, N. Y. The subjects were for the most part 
aviators appearing for discharge, after varying periods of service 
These were supplemented by a few from the laboratory personnel. In 
a body of men of as carefully selected physical types as found in the 
air service, our work was necessarily confined to subjects with very 
normal cardiovascular mechanisms 

The subjects were all given a preliminary physical examination 
before the low oxygen test was made. The test was made on the type 
of rebreathing apparatus in use in the United States Army for the 
examination and classification of aviators. This apparatus has been 
fully described elsewhere.’ In the test by the rebreather method the 
respiratory system of the subject is part of a closed circuit of known 
capacity, so that as oxygen is consumed at each respiration, a lowered 
percentage results in the air chamber from which the subject breathes. 
The expired air is freed of carbon dioxid by passing through a potas- 
sium hydrate cartridge on its return to the air chamber. The oxygen 
percentage is estimated from the air remaining in the tank at the close 
of the test, and from this the altitude is estimated. A Mackenzie ink 
polygraph was attached to the left arm of the subject. Tracings were 
taken for one minute duration at five minute intervals, or in about 
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one-half of the cases taken almost continuously, periodic interruptions 
being necessary to adjust the instrument following movements of the 
subject, and to permit the taking of roentgenograms for cooperative 
work done by Majors Lewald and Turrell,* to show the variation in 
the size of the heart under decreased oxygen percentage. 

The pulse rate and the systolic and diastolic pressures were taken 
at two minute intervals for the first fifteen minutes, and subsequently 
every minute. The respiration was recorded by means of a spirometer, 
and the minute volume of air estimated in deciliters, as described 
elsewhere.* 

EXPERIMENTAL RESULTS 

The reaction of the pulse rate to decreased oxygen tension has been 
described by Major Schneider * and by the writers in the preceding 
paper of this series.” The present work has brought nothing new in 
that relation, except where the rate was taken continuously by means 
of a polygraph the increase in rate showed an evenly rising curve, 
without the periodic variations in rate observed in curves plotted from 
the rate as estimated by counting the pulse at the wrist for twenty 
second periods each minute. 

In general, there was a slight and very gradual increase in rate 
until the latter part of the test. As the oxygen want was more acutely 
felt, a marked acceleration began and increased as the test progressed 
A terminal fall in rate occurred in six cases. The mechanism and 
significance of this fall has been considered by us in another paper. 
based upon an electrographic study of the pulse during the rebreather 
test. 

The systolic and diastolic pressures followed the same genera! 
course as described by Schneider. Figure 1 shows typical curves of 
pulse rate, blood pressure and deciliters of air per minute. 

Secause of the large part played by mechanical factors, it is not 
felt that any great stress can be placed on the contour of the pulse 
tracing, or that any detailed attempt can be made to correlate it with 
the pressure curves. Conditions of adjustment and of pen pressure 
were kept as uniform as possible, but in tests lasting from twenty to 
thirty minutes, where several readjustments were always necessary, 
variations were unavoidable. In general it was observed that the 
amplitude of the pulse wave increased during the test as the cardiac 
response increased and as pulse pressure changed. This is well shown 





2. LeWald, L. T., and Turrell, G. H.: Am. J. Roentgenol. 7:67, 1920 

3. Manual of the Medical Research Laboratory, Surgeon-General’s Office 
Division of Aereonautics, U. S. Army. 

4. Schneider, E. C.: J. A. M. A. 72:1382 (Oct. 26) 1918 

5. Greene, C. W., and Gilbert, N. C Arch. Int. Med. 27:517 (May) 1921 
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in Figure 2, in which sections of the pulse tracing are shown taken at 
intervals through the test. In a few cases where signs of circulatory 
inefficiency appeared before or with the signs of psychological inefti- 
ciency, the amplitude of the pulse wave decreased at the termination 
of the test. This is shown in Figure 3, where the preceding curves had 


heen sinnlar to those in Figure 2, I, J, and K 
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Fig. 1—A typical response to lowered oxygen tension during rebreather 
test. S=systolic pressure. D—diastolic pressure. R=pulse rate. L—the 
respiration in deciliters per minute, the straight unbroken line, OP, the oxygen 


DICROTISM 


Dicrotism of varying degree was frequently present throughout the 
entire test but bore no relation to the efficiency of the cardiac response 
or to the altitude reached. When not present at the beginning of the 
test it frequently appeared during the latter part of the test and as the 


systolic pressure rose. It was almost invariably present at the last few 


minutes of the test, when the systolic pressure was elevated or rising 
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and the peripheral resistance was decreasing, as evidenced by a falling 
diastolic pressure and a decrease in the intensity of the second aortic 
tone. 

The increase of dicrotism with increased pulse pressure gives fur 


ther evidence that a dicrotic pulse is not clinical evidence of a decreased 
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Figure 2A 
Fig. 2.—Sections from a typical tracing. A, preliminary tracing; B, 5 min 
utes; C, 7 minutes; D, 12 minutes; E, 17 minutes; F, 20 minutes; G, 23 min 
utes; H, 25 minutes; I, 27 minutes; J, 30 minutes; K, taken just as test was 
terminated because of psychologic inefficiency at 32 minutes and 33 seconds 
Bie taken directly after conclusion of test: time m one-! fth second 


pulse tension or a lowered cardiac response, a view that one occasionally 


hears expressed. The degree of dicrotism increases (a) with increased 


arterial tension, (b) with decreased peripheral resistance. As stated 
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by Mackenzie," “the presence of a dicrotic wave is evidence of the 
retention of an important amount of arterial tension.” When the 


cardiac response decreases, the dicrotic wave disappears (Fig. 4). 
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Figure 2B 


Hyperdicrotism appeared under identical conditions when the pulse 
accelerated during a dicrotic pulse. Hyperdicrotism is under these con- 
ditions a direct function of the rate as shown by Mackenzie. This is 


illustrated in the tracing in Figure 5, where it tends to disappear as 


6. Mackenzie. J.: The Study of the Pulse. New York, 1902 

















BERT-GRi / IRCULATION STUDIES 693 


the pulse slows in expiration. The presence or absence of dicrotism 
did not correlate in any way with the final endurance limit, as expressed 


in altitude reached 


Fig. 3.—Tracing taken just as the test was terminat 
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logical inefhciency at 36 minutes and 26 seconds 
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Fig. 4.—(a Tracing at 27 minutes, showing dicrotism Subject resp 
ing well (1 Tracing taken just as subject was taken off of test becauss 
impending unconsciousness. Dicrotic wave has disappeared 
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Fig. 5.—Dicrot waves becom yperc tic as pt accelerates d 

spiratior it 17 minutes 
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Fig. ¢ Traube-Hering waves 
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Fig. 8.—Showing a few slightly alternating beats just before the test wa 


erminated at 30 minutes, because of impending unconsciousness 


lraube-Hering waves appeared in several cases during the second 
half of the test, becoming more pronounced as the test progressed, and 
disappearing as respiration returned to normal after its conclusion 


(Fig. 6). Ina few instances they were present throughout the test. but 
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increased in height as the test progressed, and respiratory response 
increased. They have no bearing upon the altitude reached. Mayer 


curves, reported in cases of asphyxia, were not observed. 


SINUS ARRHYTHMIA 
\ll of the eighty-one subjects on whom tracings were taken showed 
some degree of sinus arrhythmia, both before and during the entire test 
( Fig. 7) 
Che difference in length between the longest and shortest beats in a 


given period measured in hundredths of a second, was taken as an 


TABLE 1.—Putse Rate ann THE Decree or SINUS ARRHYTHMIA, IN THE PRE 
LIMINARY TRACING, IN THE Four QUARTERS OF THE TEST, AT THE POINT OF 
TERMINATION OF THE TEST, AND IN THE Recovery Periop 
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index of the degree of the sinus arrhythmia during that period. This 


was measured in the preliminary tracing taken before the test, and at 
five minute intervals during the test, and charted with the pulse rate at 
the corresponding period. 

Of seventy-three cases thus charted, forty-one, or 56 per cent., 
showed an increase in sinus arrhythmia as the respiratory response 
increased in the earlier portion of the test. This increase in the degree 
of the sinus arrhythmia continued while the heart was accelerating 


moderately, but as the pulse accelerated more markedly in the latter 


part of the test, the degree of sinus arrhythmia decreased to about its 
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initial value or less. There was no fixed rate at which this decrease 
began, and in different individuals it was found at different rates 
between 62 and 96 

In fifteen cases there was a decrease in the degree of sinus 
arrhythmia on the commencement of the test, and a further decrease in 
degree as the test progressed and the rate accelerated. In fourteen 
cases there was no change in the degree of the sinus arrhythmia until 
the pulse accelerated in the latter part of the test, when the degree 
decreased. In two cases there was an increase in the degree of sinus 
arrhythmia in the first part of the test, then no further change. In one 
of these, Case 12, the increase was slight, and the pulse did not accel 
erate beyond a rate of 75. The other, Case 74, also showed a slight 
increase in the degree of sinus arrhythmia, with a rapid pulse rate 
throughout the test, beginning at 104 and finishing the test with a rate 
of 116. Ome case only showed no change in the degree of sinus 
arrhythmia at all, Case 45, but in this case the pulse rate did not 
accelerate over 70 at any time during the test 

In general, then, sinus arrhythmia showed a tendency to increase as 
the respiratory response increased, due, presumably, to effects operat 
ing on the vagal mechanism. This was followed by a decrease in the 
degree of sinus arrhythmia as the pulse accelerated in the latter part of 
the test. In some instances, observed during the routine examination of 
aviators, before the present series was run, cases of sinus arrhythmia 
were seen so marked as to present a very irregular pulse, where the 
respiratory phases were difficult or impossible to detect, and where 
there was a possibility of confusion with a more serious arrhythmia 
In all of these cases the arrhythmia improved or disappeared as higher 
altitudes were reached and the pulse rate accelerated. 

lhe appearance and character of the sinus arrhythmia was checked 
against the altitude reached, the minute volume of respiration, respira- 
tory irregularities, and the depth of respiration, but all without any 


apparent correlation 


PREMATURE VENTRICULAR CONTRACTIONS 


Premature ventricular contractions were observed in only two 
aviators before taking the rebreather test, out of a total of seventy 
eight on whom graphic records were obtained with the polygraph, or 
about 2.6 per cent. Both were normal men without any demonstrable 
cardiac pathology, and each made a normal response to lowered oxygen 
tension. Four others showed one or more premature contractions 
during the test. In addition three men from the laboratory personnel 
who were known to have frequent premature ventricular contractions 


volunteered to take the test. Of the aviators who developed premature 


ventricular contractions during the test. one showed one such beat only 
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after 12 minutes, with a pulse of 64, one at 12 minutes, with a pulse 
rate of 90, and one interpolated beat after the conclusion of the test, 
with a pulse rate of 84. The other subject showed one premature ven 
tricular contraction beat at 12 minutes, with a rate of 66, one at 17 
minutes with a rate of 69, and one at 20 minutes with a rate of 76 
The pulse accelerated to 94 with no further ectopic beats 

The other cases are best shown in the accompanying tables. The 
preliminary tracing before the test is indicated by “Pr,” and the time 
at which the tracing was taken when the premature ventricular con 
tractions were observed is indicated. The incidence of the premature 
ventricular contractions is expressed as the percentage of the total 
number of beats for the period observed. “Off” indicates the termina 
tion of the test, after which another tracing was taken during the recov 
ery period 

Sgt. W. was the only case showing any cardiac pathology. He 
gave a history of tonsillitis yearly, usually two or three attacks each 
year, until April, 1918, when a tonsillectomy was performed while in 
the army. Since this time he has felt much better, and has gained 15 
pounds in weight. He had influenza in France in December, 1918. He 
has had at no time any symptoms referable to the heart Che heart 
was found to be slightly enlarged on physical examination. There was 
a presystolic thrill and murmur at the apex, with an accentuated mitral 
first tone, and an accentuated pulmonic second. Extra systoles were 
present at examination for entrance into the army, and later while in 
service he was referred to a special board because of them, but was 
passed for duty. In this case the premature ventricular systoles reap 
peared at 28.40, and were still present at 29.30, when the test was ter 
minated by unconsciousness. 

Capt. O., of the laboratory personnel, showed 2.2 per cent. of pre 


mature ventricular contractions in the preliminary tracing before the 


test, at a rate of Of \t all times when previously examined he had 
shown the same ectopic beats in varying degrees of frequency. With 
the beginning of the test they disappeared at a rate of 75, and only one 
such beat was found during the test, at 8 minutes at a rate of 84. We 
had a similar experience with Capt. ©. during a test in an electrocat 
diographic series yet to be reported 

From the cases shown it will be observed that there is a tendency 
for the incidence of the premature ventricular contractions to increase 
as the test progresses and the respiratory response increases but only 
in the earlier periods of the test. As the pulse accelerates the incidence 


decreases and they finally disappear. The exception is Sgt. W. in 


whose case there was reason to assume a pathologic basis 
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In a series of several hundred cases given the official low oxygen 


test from Oct. 4, 1918 to May 7, 1919, where one of us either exam 
ined the cases personally, or was in immediate touch with the examina- 
tion through his associates, no case of ectopic beats was observed in 
which the extra-systoles did not disappear betore the termination of 
the rebreather test 

It is not felt that premature ventricular contractions are of them 
selves of pathologic significance. They tend to disappear as the heart 
responds in rate to the increased demands upon it, and as the non 
refractory period is reduced by this increase in rate, as in exercise 
Premature ventricular contractions should not of themselves be a basis 
for rejection in examinations for a flying status, or used as a basis for 
a lowered rating in the classification. That such extra-systoles have 
little influence in reducing the mechanical efficiency of the heart has 


been recently shown experimentally by Eyster and Swarthout.’ 


PULSUS ALTERNANS 

Pulsus alternans was watched for with especial care, and more par 
ticularly just before the test was terminated because of impending 
unconsciousness, when there might be reason to expect that the heart 
rate was out of proportion to its strength. In one case a few alternat- 
ing beats were observed at a rate of 95. The difference in height of 
the waves is very slight, as shown in Figure & One other case was 
observed 

Phe physiologist taking the blood pressure at one minute intervals 
in all of the routine cases examined had an excellent opportunity to 
detect alternation of the pulse. The fact that cases have not been 
observed at any time in taking the pulse and systolic pressure would 
indicate that it 1s a rare phenomenon at best. 

We wish to make acknowledgement to Lieut.-Col. L. H. Bauer, officer in 


charge of the Medical Research Laboratory, and to our colleagues of the 
laboratory for cooperation and assistance 


7. Fyster, J. A. E., and Swarthout, F. ( Arch. Int. Med. 25:317 (March 


1920 














THE USE OF A HIGH FAT DIET IN’ THE 
TREATMENT OF DIABETES MELLITUS 


SECOND PAPER BLCOD SUGAR 


L. H. NEWBURGH, M.D snp PHIL L. MARSH, M.D 


ANN ARBOR, MICH 


In a previous communication ' we discussed in outline the advan 
tages of the use of a high fat diet in the treatment of diabetes mellitus 
We reported briefly the results of an investigation of the effect of 
diet whose energy came largely from fat, to which was added sufficient 
protein to maintain nitrogen balance and the minimal carbohydrate 
necessitated in making up a diet that a human being can eat over a long 
period of time. It was shown that with such a diet, glycosuria was 
avoided in severe diabetics, and that acidosis was not produced 

The first paper stated the method employed and, in a general way, 
the results obtained. Freedom from glycosuria, however, does not 
necessarily mean normal glycemia. In this communication we shall deal 
with the effect of this type of diet on the blood sugar 

Blood sugar determinations, sufficiently niymerous to permit drawing 
conclusions concerning the effect of the diet on glycemia, are availabl 
in forty-five cases. We include in this group every case in which such 
a series of determinations has been made, and have omitted only those 
whose blood sugar determinations have been too few to be of signifi 
cance. A few patients left the hospital on higher diets than those shown 
in the tables, but as corresponding blood sugar determinations are not 
available, the tables for such individuals stop with the last blood sugar 
reading 

These cases are presented in four groups. The first three groups 
(Tables 1, 2 and 3), consisting of forty cases, show a satisfactory 
response of the blood sugar to the treatment. The fourth group ( Tabl 
4) comprises the fiv cases in which blood sugars did not reach a 
desirably low percentage. Of the forty satisfactory cases, those com 
plicated by chronic nephritis have been brought together in Table 2, and 
those in which diets varied at times from our standard are presented 
in Table 3. 


From the Department of Internal Medicine, Medical Scl l, Universit 


Michigan. 

1. Newburgh, L. H., and Marsh, P. L The Use of a High Fat Diet in the 
Treatment of Diabetes Mellitus: First Paper, Arch. Int. Med. 26:657 (daly 
1920. 
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The twenty-eight cases contained in Table 1 show that a high tat 


diet such as we have used is capable of bringing the blood sugar down 


to normal and keeping it at that level during the period of observation 
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The seven cases presented in Table 2 are separated from the rest 


because of the well known fact that chronic nephritis in diabetics ten¢ 


to keep the blood sugar at an abnormally high level These paties 


a 
2. Meyers, V. and Bailey, C. \ Ihe Lewis and Benedict Meth: 

the Estimation f Blood Sugar, with Some Observations Obtained in Diseas« 

!. Biol. Chem. 24:147, 1916. Bing, H. J., and Jakolson, B.: Blutuntersuchunger 

unter normalen u. einigen pathologische Verhaltnissen, Deutsch. Arch. f. klit 

Med. 113:571, 1914. Hopkins, A. R Studies in the Concentration f Bloo 

Sugar in Health and Disease as Determined by Bang’s Micrometh«ox« An 


Med. Sc. 149:254, 1915 
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ll had a severe nephritis as shown by decreased output of phenolsul 


phonephthalein, hypertension, high blood urea and the persistence of 


albumin and casts in the urine days after the disappearance of the 


glycosuria. It is of special interest to note that the blood sugar of each 


of these individuals is brought to a point well within normal limits 
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to within normal limits subsequent to the use of a diet low in protein 


and high in fat. Case 40 is especially instructive in this respect. After 


four days on a diet containing 37 gm. protein and 1,400 calories, the 


blood sugar was 0.135 per cent.; after an increase of the protein to 50 
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NEW METHODS FOR ESTIMATING ENZYMATI 
ACTIVITIES OF DUODENAL CONTENTS 
OF NORMAL MAN * 
( W McCLURI M.D. A. S. WETMORI 
‘ AND 
LAWRENCI REYNOLDS VID 

BOSTON 

In a former paper ' reference was made to the need of data co 


cerning details of the physiology of the human gastrointestinal tract in 
order that experimental observations on the functional pathology of 
the latter might be more intelligently interpreted The present com 
munication is a continuation of physiologic investigation of the alimen 
tary canal in normal man, and deals with methods for the study of the 


enzymatic activities of the duodenal contents. 


] 
! 


\ resumé of most of the methods which have been used for suc! 
studies in the past is given in the appendix of the book of Euler he 
methods, or their modifications, which have been used most frequently 
in investigation in clinical medicine are as follows: 

Proteolytic ensymes.—Methods of Gross * and Mett.* The method 
of Gross is a modification of one devised by Volhard.* It is based on 
the principle that from faintly alkaline solutions (0.1 per cent. sodium 
carbonate) casein is precipitated by dilute acids (0.1 per cent. acetic 
acid), while the digestion products remain in solution. More recently 
this method was modified by Spencer.* The Mett method is the wel! 
known one of measuring the lengths of coagulated egg albumin in 
capillary glass tubes before and after placing them into a solution of an 
enzyme. This method has been modified by Einhorn.’ 

Lipolytic ensyme.—Ethyl butyrate method. This method is based 
on the development of butyric acid by lipase and the determination of 


the acidity developed by titration with tenth normal sodium hvdroxid 


*From the medical clinic and radiographic department of the Peter Bent 
Brigham Hospital. 
1. McClure, C. W.; Reynolds, L.. and Schwarz, C. O Arch. Int. Med. 26: 
410 (Sept.) 1920 
Euler, H General Chemistry of the Enzymes, Translated by T. H. Pope 


New York, 1912 
3. Gross, O Arch. f. exper. Pathol. u. Pharmakol. 58:157. 1907: Deutsch 
med. Wehnschr. 3§:1706, 1909. 
4. Mett Loc. cit., Footnote 2. 
5. Volhard, F.: Munchen. med. Wehnschr. 54:403, 1907 
Spencer, W. H.: J. Biol. Chem. 21:165, 1915. 
Einhorn, M Med. Rec. 82:650, 905, 1912 
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Amylolytic enzymes.— Method of Wohlgemuth.* The Wohlgemut! 
method is based on the production of erythrodextrin im starch solution 
(alkaline with sodium carbonate ) Che presence of erythrodextrin ts 
determined by the color produced on the addition of a solution of odin 

\ll methods which have been applied to the estimation of the 
enzymatic activities of the duodenal contents are open to serious criti 
cism, which will be discussed later. Under these circumstances !t was 
deemed necessary to devise new methods. Methods have finally been 
devised which combine delicacy, uniformity and proportionality of 
enzymatic activity and accuracy of estimation of the amount of enzym« 
action. Uniformity and proportionality of enzymatic activity have 
been obtained by regulating the latter with phosphate mixtures. The 
amount of enzyme action for the proteolytic and amylolytic enzymes 


is estimated by application of the methods of Folin and Wu” for the 
determination of nonprotein nitrogen, with the modification that meta 
phosphoric acid is used as the protein precipitant, and of sugar im the 
blood. The activity of fat splitting enzyme ts estimated by determining 
the degree of acidity developed in a true emulsion of cotton seed 
oil, by titrating while hot with alcoholic potash solution, using phenol 


phthalein as an indicator 


ESTIMATICN OF PROTEOLYTIC ACTIVITY OF DUODENAL CONTENTS 
REAGENTS 

Phosphate mixture wo-tenths molar phosphate mixture of py, 
8.4 is prepared as follows: add 20 c.c. of a solution of potassium acid 
phosphate [KH,PO,] (C.P.), containing 27.234 gm. to the liter, to 980 
c.c, of a solution of disodium phosphate | Na,HPO,2H.O '] (C.P.) 
containing 35.628 gm. to a liter 

Casein solution—Neutralize 1 gm. (accurate weight) of soluble 


casein '' with 4 ¢.c. of tenth normal sodium hydroxid solution and add 


100 ¢.c. of the 0.2 molar phosphate mixture. By the aid of heat and 
vigorous rotation of the flask dissolve the casein completel) This is 

8. Wohlgemuth, J Biochem, Ztschr. 9:1, 1808; Berl. klin. Wehr r. @s 
92, 1910. 

9. Folin, O.. and Wu, H J. Biol. Chem. 38:81, 1919 

10. The usual C. P. preparations of disodium phosphate, obtainable on the 
market, contain twelve molecules of water (NasPHO,.12 H.O). Such prepara 
tions should be thoroughly triturated in a mortar, and then air dried by spread 
ing out on large filter papers in the open roon In from twelve to fourteer 
days the salt will lose ten molecules of water and then will be suitable { 
use as disodium phosphate (NazHPO,2H.O). Phosphate mixtures containing 
the salt prepared in the manner described will give proper Pp, as determine 
by the use of the potentiometer 

11. The preparation of casein used was one furnished by Dr. A. W 
Bosworth, made according to the method devise l himself and L. L. Var 


Slyke, Jour. Biol. Chem. 14:203, 1913 
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done by adding the phosphate mixture to the casein in a dry flask and 
rotating quickly to prevent the formation of a doughy, relatively insol- 
uble mass. The sodium hydroxid solution is then added and, con 
tinuing the rotation, the flask is heated over a small flame to 57 C 
removed from the flame and rotated until the casein has dissolved. 

Twenty-five per cent. metaphosphoric acid solution.’"* The prepara 
tion of metaphosphoric acid usually obtained on the market should be 
fused in a graphite mortar until the white fumes of phosphorus pentoxid 
begin to appear Che fused material can be cooled conveniently by 
pouring in a clean pie-pan floating on cold water. Metaphosphoric acid 
so fused will remain a potent protein precipitant if kept in tightly 
stoppered bottles. The 25 per cent. solution can be made quickly by 
triturating the desired amounts of metaphosphoric acid and water in 
a mortar 

Digestion mixture and Nessler’s solution are prepared as directed by 
Folin and Wu,” the standard ammonium sulphate solution as directed 
by Folin and Denis 

Vethod The duodenal contents are centrifuged until a clear or but 
slightly turbid supernatant fluid is obtained. The latter is decanted into 
a clean tube. In a 30 c.c. volumetric flask place 1 ¢.c. of this fluid and 
make up to the mark with 0.2 molar phosphate mixture solution of 
Pu 8.4, and mix thoroughly 

Into test tubes (100x10 mm.) place 9 e¢.c. of the casein solution 
Heat in the water bath at 40 C. for five minutes. Then add 1 c¢.c. of the 
diluted duodenal contents, mix and incubate in the water bath for 
thirty minutes at 40 ¢ Now add 2 ¢.c. of a freshly prepared 25 per 
cent, solution of metaphosphoric acid, mix thoroughly and filter. A per 
fectly clear, colorless filtrate should be obtained. One c.c. of this 
hiltrate 1s added to 1 c.c. of the digestion mixture in a Pyrex glass tube 
(200x25 mm.), a quartz pebble is added and digestion is carried out 
according to the micro-Kjeldahl method of Folin and Wu for non 


he method consists of boiling 


protein nitrogen in the blood. In brief, t 
off the water and, when the white fumes of sulphuric acid begin to 
develop, the mouth of the tube is covered with a watch glass. Diges 
tion is continued for from thirty to sixty seconds after the last trace of 
the brown color has disappeared. The tube is then allowed to cool for 
from sixty to seventy seconds, and from 5 to 10 c.c. of water are 
quickly added. The contents of the tube are cooled, made up to the 35 
c.c, mark with water and 15 c.c. of Nessler’s solution added. The 
nesslerized solution is centrifugalized to get rid of the sediment (the 


} 


sediment must be pure white and not discolored by the precipitation of 


any of the coloring matter), and compared with standard ammonium 


12. Folin, O nd Denis, W J. Biol. Chem. 26:491, 1916 




















WUcCLURE-W ETMORE—DUODENAL CONTENTS 709 


sulphate solutions (usually containing 0.25 and 0.5 gm. nitrogen). These 


~~ 


are prepared by placing 2 c.c. of the digestion mixture in a 100 cx 
or 10 cc. of standard ammonium sulphate 


‘st 


volumetric flask, adding 
solution, about 60 c.c. of water, 30 c.c. of Nessler’s solution and making 
up to the mark with water. 

Two controls are probably necessary for safety: (1) 1 cc. of the 
diluted duodenal contents and 9 c.c. of the 0.2 molar phosphate mix 
ture solution; and (2) 9 cc. of the casein solution plus 1 c.c. of the 
phosphate mixture. In our experience neither of the controls has 
developed more than a trace of yellow color after digestion and nessler 


1Zation 


TABLE 1 AmouNtTs oF Non-Protrern NitroGeN DeveLopep FROM CASEIN BY 


Various SAMPLES OF DvuopENAL CONTENTS 


Amount of Dilute 


Duodenal N Developed in Dupli 
No. of Sample Contents, C.c cate Analyses, Mg 
l 1.0 2.97 
2.99 
2 1.0 3.52 
3.57 
3 1.0 2.66 
2.63 
4 1.0 1.51 
1.53 
5 1.0 2.00 
2.03 
6 1.0 1.47 
1.46 
7 1.0 2.63 
2.00 
ESTIMATION OF LIPOLYTIC ACTIVITY OF DUODENAL CONTENTS 
REAGENTS 


Tenth Normal Sodium Hydroxid.—Made up in 95 per cent. ethyl 
alcohol. 

Fat emulsion.—This is prepared by making a suspension of four 
parts of cotton seed oil, one part of powdered gum acacia and two parts 
of water according to the method given in the U. S. Pharmacopeia 
Four hundred c.c. of this suspension are mixed with 600 c.c. of water 
and emulsified by running through a fat emulsifying machine at from 
300 to 350 kilo pressure per square cm. The emulsion '* may be put in 
pint milk bottles, hermetically sealed with patented metal caps and 


sterilized at 15 pounds pressure in the autoclave. Emulsion thus pre 


13. Emulsions were prepared for us by Dr. A. W. Bosworth of the Boston 


Floating Hospital. 
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pared keeps indefinitely. For use in digestion experiments the fat 
emulsion is mixed with an equal volume of the 0.33 molar phosphate 
mixture solution given below. 

Phosphate mixture solution One-third (0.33) molar phosphate 
mixture solution of px 8.4 is prepared as follows: 53.4425 gm. of diso- 
dium phosphate (Na,HPO,.2H,O) are dissolved in exactly one liter of 
water ; 20.4255 gm. of potassium acid phosphate (KH,PQO,) are dis- 
solved in exactly 500 c.c. of water. Twenty c.c. of the potassium acid 
phosphate solution are added to 980 c.c. of the disodium phosphate 
solution which gives pu 8.4. 

Method.—One c.c. of the centrifugalized duodenal contents are 
diluted to 50 c.c. with the 0.33 molar phosphate mixture solution. Nine 
c.c. of the fat emulsion phosphate mixture solution are pipetted into 
test tubes (100x10 mm.). The tubes are incubated in the water bath 
at 40 C. for five minutes; then 1 c.c. of the diluted duodenal contents 


TABLE 2.—Actpity Devetorpep 1n Cotton Seep Or EMvuLSsION By VARIOUS 
SAMPLES OF DuopENAL CONTENTS FROM A MAN 


Acidity Titrated with 


Amount of Diluted Tenth Normal Sodium 
Duodenal Hydroxid in Dupli- 
No. of Sample Contents, C.c. cate Analyses 
l 1.0 2.4 
2.3 
2 1.0 0.9 
1.0 
3 1.0 2.0 
2.0 
4 1.0 2.1 
2.2 


is added, the tubes shaken and again incubated for one hour at 40 C. 
Then the contents of the tubes are at once poured into small Erlen- 
meyer flasks (about 150 c.c. capacity), the tubes rinsed with about 20 
c.c. of 95 per cent. ethyl alcohol and the rinsings added to the flasks 
(the ethyl alcohol has first been neutralized with tenth normal sodium 
hydroxid after adding phenolphthalein and titrating cold). Ten drops 
of a 1 per cent. phenolphthalein solution are added to each flask. The 
degree of acidity developed, due to the formation of fatty acids, is deter- 
mined by titrating with tenth normal alcohol sodium hydroxid, with the 
contents of the flask boiling hot. 

\ control tube containing 9 c.c. of the fat emulsion phosphate mix- 
ture solution and one c.c. of the 0.33 molar phosphate mixture solution 
is to be used 

Under the experimental conditions outlined different samples from 
the same specimen of duodenal contents will develop acidities checking 


within 0.1 ¢.c. of tenth normal sodium hydroxid 
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\n example of the results obtained by the method are given m 
Table 2. The specimens of duodenal contents were obtained at inter 
vals over a period of four hours from a healthy young man. All the 
specimens except No. 3 were taken from the second portion of the 


duodenum. 


ESTIMATION OF AMYLOLYTIC ACTIVITY OF DUODENAL CONTENTS 
REAGENTS 

Molybdic acid reagent, copper sulphate mixture and the stock glu 
cose solutions are prepared according to the direction given in the 
revised method of Folin and Wu,'* for the estimation of sugar in the 
blood. The dilutions of the stock glucose solutions, which are to be 
used as standards, are made up in 0.1 molar phosphate solution of 
pu 8.4. 

Phosphate mixture solution —Two-tenths molar phosphate mixture 
of pu 8.4. This is prepared in the manner already described ( proteo- 
lytic enzyme ) 

Starch-phosphate mixture solution.—Four gm. of soluble starch are 
completely dissolved in 100 c.c. of hot distilled water, cooled and 
diluted with an equal volume of the 0.2 molar phosphate mixture solu- 
tion of pu 8.4. 

Method.—In a 25 c.c. volumetric flask place 1 c.c. of the centrifuged 
duodenal contents, make up to the mark with the 0.2 molar phosphate 
mixture of pu 8.4 and mix thoroughly. 

In test tubes (100x10 mm.) place 9 c.c. of the starch-phosphate 
mixture solution. Heat in the water bath at 40 C. for 5 minutes. Then 
add 1 ¢.c. of the diluted duodenal contents, mix and incubate in the 
water bath at 40 C. for 30 minutes. Incubation may be carried out for 
a period of one hour instead of the thirty minute period, if it is desir 
able to obtain a larger amount of starch digestion. In the meantime 
place 2 c.c. of the copper solution into the special blood sugar tubes of 
Folin and Wu."* After completion of the 30 minute incubation period 
pipet immediately 2 c.c. of the digested starch solution into the pre 
pared blood sugar tubes, rotate the contents gently and place in boiling 
water for six minutes. Then cool, add 2 ¢.c. of the molybdate solution, 
make up to the mark, mix and compare the color produced with 


standard glucose solutions. These are prepared as follows: 2 c.c. of 


the standard glucose solution are added to 2 c.c. of the copper solution 
in the special blood sugar tubes, boiled along with the specimens for 
analysis and further treated the same as these specimens 

\ control of 1 cc. of the diluted duodenal contents and 9 c.c. of 


the starch-phosphate mixture solution should be used ; 2 c.c. being imme 


14. Folin, O.. and Wu, W J. Biol. Chem. 41:367, 1920 








712 ARCHIVES OF INTERNAL MEDICINE 


diately pipetted into the copper sulphate mixture to stop the action of 
amylolytic enzyme present. 

Only preparations of soluble starch containing very small amounts 
of sugar should be used. It is convenient to determine the sugar con- 
tent of a bulk of starch and then to use the preparation for all deter- 
minations. In this way the quantity of sugar present in the starch- 
phosphate mixture solution outlined in the method can be calculated 
The amount present is to be deducted from the result obtained after 
the completion of digestion experiment. 

Using the method outlined above, repeated estimations of the 
amylolytic activity of the same specimen of duodenal contents has 
always given the same result; that is, within the limits of experimental 
error 


TABLE 3.—Sucar DeveLopep FROM SOLUBLE STARCH BY VARIOUS SAMPLES OF 
DuopENAL CONTENTS FROM A MAN 


Amount of Diluted 


Duodenal Mg. of Sugar Developed 
No. of Sampk Contents, C. in Duplicate Analys 
P 1.0 1.43 
1.43 
3 1.0 0.79 
0.76 
4 1.0 1.41 
1.41 
5 1.0 2.07 
2.07 
6 1.0 0.76 
0.75 
7 1.0 0.97 
0.97 


Table 3 shows the results obtained in duplicate estimations of the 
amylolytic activities of various specimens of duodenal contents from a 
healthy young man 


DISCUSSICN 


If methods for estimating enzymatic activities of duodenal contents 
are to be used for clinical investigations, it is considered important that 


given full considera- 


in devising such methods the following factors be 
tion: (1) quantitative accuracy and practicability of procedures for 
estimating the amount of enzyme action: (2) uniformity of enzymatic 
activity; (3) proportionality of enzyme action; (4) stability of an 
enzyme ; (5) physical state of the medium in which the enzyme is to act 

All methods previously proposed for the estimation of enzymatic 
activities of the duodenal contents are open to the poignant criticism 


that the five conditions enumerated were not fulfilled. In many of the 


methods for determining amylolytic and proteolytic activity the manner 








en 





meme eo 


























iain tan 


ee) 

















UcCLURE-WETMORE—DUODENAL CONTENTS 713 


of estimating the amount of digestion is not quantitatively accurate. In 
the majority of the methods the amount of duodenal contents required 
in the digestion experiments is so large that it greatly lessens the 
delicacy of the methods. The stability of the enzymes of the duodenal 
contents under the conditions present in many of the methods is 
unknown, but the experience of the authors makes it seem probable that 
it would be variable enough to interfere frequently with the uniformity 
of enzymatic action. This renders the accuracy of the results obtained 
by such methods questionable. Most of the methods for demonstrating 
lipolytic activity call for an initial neutralization with NaOH of the 
substance on which the enzyme is to act. In our experience this neutral 
ization has frequently exerted a deleterious effect on the action of lipase 
present in duodenal contents. 

During the action of enzymes in solution substances are formed 
which will change the hydrogen ion concentration of the solution, unless 
proper buffer conditions are present. The influence of the latter is 
discussed by Sorenson,'® who points out that enzyme action is influ 
enced as much by hydrogen ion concentration as it is by temperature 
However, in none of the methods préviously proposed for the estima 
tion of enzymatic activity on duodenal contents was the effect of 
changes in hydrogen ion concentration on enzyme action considered 
For this reason results obtained by these methods will be variable. In 
the methods here proposed such variability has been obviated by the 
use of proper molar and py of phosphate mixtures 

The five important conditions to be considered in methods for esti 
mating enzymatic activity, outlined above, have been fulfilled in_ the 
new methods proposed The manner in which this has been done is 
discussed as follows: 

1. Accuracy and practicability of the methods The methods are 
practical inasmuch as the facilities for their performance are commonly 
present in clinical laboratories. The methods for determining the 
amounts of nitrogen and sugar developed are quantitatively accurate 
But the difficulty in the titration of fatty acids 1s such that the method 
is open to a maximum error of 10 per cent 

2. Uniformity of enzymatic activity —The action of an enzyme was 
considered uniform when, under a certain set of experimental condi 
tions, the same results were obtained with a given specimen of duodenal 
contents on repeating analyses frequently over a period of the first 


twelve hours after the collection of the specimen. This criterion o 


uniformity of enzymatic activity has been met by regulating the lattet 
with certain molar and py of solutions of phosphate mixtures described 


in the section outlining the methods 


15. Sérenson, S. P. L.: Biochem. Ztschr. 21:301, 1909. 
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3. Proportionality of enzymatic activity—By proportionality 1s 
meant the relation existing between the amounts of material digested 
by varying quantities of an enzyme containing solution. The principal 
conditions found which influenced proportionality were: buffer condi- 
tions and undetermined factors present in different specimens of duo- 
denal contents. It was found that, unless the proper buffer conditions 
were present, the proportionality obtainable was often very slight. This 
held true for relatively large amounts of the solution containing the 
enzyme. Because of this it may be fairly inferred that any constancy 
in proportionality obtained by methods previously proposed must rep- 
resent gross differences in the amounts of duodenal contents used 

Che results obtained by the method proposed for the estimation of 
the activity of amylolytic enzyme have so far been found to be propor 
tional. The proportionality shown by the results obtained for proteo- 
lytic activity in different specimens of duodenal contents has varied 
from 1:1.5 to 1:1.8, usually 1:1.6; for lipolytic activity from 1:1.5 to 
1:2, usually the latter \lthough the proportionality obtained by the 
use of different specimens of duodenal contents varied, for a given one 
It was constant 

There are chemical and physical variations in different specimens of 
w different persons, 


duodenal contents, obtained either from the same 
and it is probable that certain of these differences modify enzymatic 
activity, since the proportionality shown by the use of various speci- 
mens of duodenal contents differs. It may, therefore, readily be con- 
ceived that, although the enzymatic activity of given specimens of duo- 
denal contents be made uniform, nevertheless, the proportionality might 
be generally so variable as to give deceptive results. There are two 
observations which make it appear as though such deception does not 
occur in the results obtained by the use of the methods proposed. In 
the first place, experience has demonstrated that the proportionality has 
fallen within the limits already given; and, secondly, under similar 
experimental conditions the methods proposed have given comparable 
results with thirty different specimens of duodenal contents from a 
series of normal persons 

4. Stability of enzyme.—Obviously, the stability of an enzyme in 
relation to the length of time its action is to be measured must be con- 
sidered in any method for demonstrating uniformity or proportionality 
of enzymatic activity. This means that the action of the enzyme 
studied must be approximately as great at the conclusion of an experi- 
ment as it was at the beginning of the same. The criterion of stability 
followed in the experiments here presented has been constancy of both 
the uniformity and degree of proportionality obtained with the speci- 


mens of duodenal contents studied. Enzymatic activity of the latter 
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was observed over a period of the first twelve hours succeeding collec 
tion. During this time the activity of the three enzymes studied 
remained constant, as determined by the use of the methods here pro 
posed. After dilution of the duodenal contents with the solution of the 
phosphate mixture lipolytic activity frequently diminished after about 
four hours, while the amylolytic and proteolytic activities remained 
unaffected a longer period. Nevertheless, it was considered advisable 


] 


to use the duodenal contents as soon as diluted and then to discard the 


dilutions 
5. Physical state of the medium.—In order to obtain comparable 


results the physical conditions under which an enzyme acts must be 
constant. One essential reason for this is the fact that the size of the 
surface area of material exposed to enzyme action is a governing factor 
in the amount of the latter which will occur. In the methods proposed 
constant physical conditions, under which the enzymes act, have been 
obtained by means of solutions or true emulsions 

In the alimentary canal there is no apparent need for uniformity o1 
proportionality of enzyme action. In vitro conditions are different and 
it is necessary to produce uniformity and proportionality of enzyme 
action in order to be able to show variations in the quality or quantity 
of the action of enzymes in different solutions. In the methods devised 
this has been brought about by conditions dissimilar to those present in 
the human intestinal tract. Furthermore, it should be emphasized that 


in these methods enzymatic activity, and not the amount of enzyme 


present, is measured. 











DERMATITIS AND ALLIED REACTIONS FOLLOWING 
THE ARSENICAL TREATMENT OF SYPHILIS* 


JOSEPH EARLE MOORE, M.D. ann ALBERT KEIDEL, M.D. 


BALTIMORE 


rhe fact that physicians have frequently failed to appreciate the 
significance of dermatitis following the arsenical treatment of syphilis, 
or to differentiate the rashes of minor significance from those indicating 
grave constitutional disturbances, has prompted us to report the results 
of our study of a series of such cases of dermatitis and of allied 
reactions. (ur experience has led us to believe that it is possible to 
divide all untoward reactions of this type into two classes from the 
viewpoint of their significance with regard to the continuation of 
arsenic therapy. We also believe that this study throws some light on 
the etiology, course and prognosis of these toxic phenomena, especially 
through the recognition of special factors underlying the constitutional 
disturbances in the graver type of reactions. We have, therefore, 
reviewed in some detail twenty-three cases of reactions of this group 
which have occurred within the last six years in the syphilis department, 
in the wards of the Johns Hopkins Hospital, and in private practice. 

\t the outset we wish to define our use of the term “dermatitis and 
allied reactions.” The term is used to include all skin rashes, and 
certain reactions, such as stomatitis and itching, not characterized by 
any demonstrable skin lesion, induced by the chemotherapeutic arsenic 
preparations employed in the treatment of syphilis. All of these 
products, including arsphenamin, neoarsphenamin, sodium arsphenamin, 
silver salvarsan, and sulfoxylate salvarsan, have been observed to 
excite these toxic reactions. 

Reactions of this group are generally stated in the literature to be 
rare. Fortunately, they are, but in this country, at least, where the 
common European encephalitis is almost unknown, they are the most 
frequent cause of death following the administration of arsphenamin ; 
and when not fatal they are the most distressing and protracted of all 
arsenic reactions. Of ten deaths at the Johns Hopkins Hospital due 
to the arsphenamins, for example, two were cardiac (in patients with 
marked aortic and myocardial lesions), two were from causes unknown 
(probably impurity in the drug used), one was from acute yellow 
atrophy of the liver, and five were from reactions of the dermatitis 
group. Among the twenty-three patients which we report there were 


*From the Syphilis Department of the Medical Clinic, Johns Hopkins 
Hospital 
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four whose reactions place ti..m in the “mild group” to be described, and 
eighteen in whom there were twenty-one instances of severe reactions, 
resulting in five deaths, a mortality of 27.7 per cent. Most of the 
remaining thirteen patients with severe reactions were seriously and 
uncomfortably ill, and the average hospital stay exceeded a month 


’ 


The incidence of these reactions is well illustrated by the figures of 
Harrison? and of Parnell and Fildes.2 The former found, in about 
80,000 injections of arsphenamin products in 10,000 syphilitic patients, 
124 cases of dermatitis, of which twenty-six were severe, twenty-four 
moderately severe, and seventy-four mild or fleeting. There were 
eight deaths. Parnell and Fildes noted thirty-eight cases of dermatitis 
in 1,250 men receiving 6,588 injections of neoarsphenamin. These 
figures indicate that one of every 645 injections of arsphenamin, and 


one of every 173 injections of neoarsphenamin, are likely to be followed 


TABLE 1.—ApproximMate INCIDENCE OF REACTIONS BY YEARS 





Approximate N ber of Number of Reactic 
Year Doses of Arsphenamin of Dermatitis 
Products * Group 
1914 one 
191 LL 4 
1916 6.000 
1917. 6,001 
1V1s OOo 
1919 000 l 
7 PRL. 
Total 47 nM »] 
From 1910 to 1915 the arsenical preparation ir se was German salvarsan; early 
1915, the diarsenol brand of arsphenamin was substituted Of the 47,000 injections noted 
this table, at least 40.000 were of diarsenol; about 4,000 of salvarsan 00) neoarsphenan 
novarsenobenzol Billon and Dermatological Research Laboratories Any comparison of 
the number of reactions following the various brands should be viewed with a proper appre 


ciation of the numbers of doses of each brand used 


by a reaction belonging to the dermatitis group. This is not quite in 
accord with our experience. One of us (Moore) was in charge of a 
syphilis clinic in France during the war. In the course of about 8,000 
injections of novarsenobenzol (Billon), only nine cases of dermatitis 
were seen, none of them severe. In our experience in this country 
only two reactions of this group followed neoarsphenamin. 

Table | shows the approximate incidence of reactions in the Johns 
Hopkins Hospital by years. Two of the twenty-three cases are excluded 
in this table because they resulted from arsenic administered elsewhere 


1. Harrison, L. W.: Critical Review; the Treatment of Syphilis, Quart. 
J. Med. 10:291 (July) 1917. 
2. Parnell, R. J. G., and Fildes, P A Clinical Study of the Toxic Reac 


tions Which Follow the Intravenous Administration of 914, Publ. Med. Research 
Com., London, 1919 
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ETIOLOGY 


Race and Sex.—Table 2 shows the incidence of reactions by race 
and sex. No sex differences are apparent, but there is a striking pre- 
ponderance of white patients when it is considered that the 9,000 
(approximately) patients from whom this material is drawn are almost 
evenly divided between the white and colored races. One must con- 
clude that such reactions are about three times as frequent in the 
white as in the colored race—an interesting etiologic observation 
Lesions of Syphilis—As a hypothesis it might be conceived that 
syphilis may produce pathologic alterations predisposing to the produc- 
tion of toxic arsphenamin phenomena. For example, endothelial cap- 
illary damage in the early invasive stage of the disease might render 
these small vessels easily permeable and permit the transudation of 
arsenic into the skin in irritating quantities. That such endothelial 
injury does take place is well known. It is apparently the factor which 


leads to the macular syphilides and edemas which occur during the 


rTABLE 2.—Inciwence or Dermatitis AND ALLIED REAcTIONS By RACE AND SEX 


White Colored 
ype of Reaction - —— - . 
Male Female Male Female 

Mild: urticarial, erythematous, herpetic 4 
Exfoliative group ¥ . > l 
Allied reactions 1 1 l 

rota! Ss lo 

18 


earlier phases of the infection. Furthermore, late involvement of blood 
vessel walls, a not unusual feature of the disease, may interfere with 
an even distribution of the drug in the circulation, leading to toxic 
concentration in areas in which the vessel walls are intact; syphilitic 
interstitial hepatitis may to some extent inhibit the liver function of 
removing arsphenamin rapidly from the circulation, leading to long 
continued contact of the drug with the tissues in a concentration which 
then becomes toxic; foci of syphilitic inflammation may possess a posi- 
tive affinity for the drug, which by overaction might lead to toxic con- 
centration. One might speculate at length but we believe the evidence 
we have to offer will at once definitely dispose of such conceptions. 

Of about 9,000 cases from which our material is drawn, in approxi- 
mately 20 per cent., or 1,800 cases, the duration of syphilis was less 
than one year, and most of these patients were in the early primary or 
secondary stage. In the remaining 7,200 patients the infection was 
more than one year old; and the more deep seated visceral lesions may 
be assumed to have been established. The proportionate number of 


doses of arsphenamin given to each group was about the same, an 
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average of from seven to eight per patient. In Table 3 the milder 
rashes (urticaria, herpes, fleeting erythemas) have been excluded, 
because the exact number of cases of these types Is unknown On the 
other hand the numbers given for the macular, maculopapular, vesicular 
and exfoliative rashes and the allied reactions represent all cases of 
these groups which have occurred. It will be noted that in the 1,800 
early cases, two such reactions occurred, or one in eve ry YO patients 
\mong the 7,200 late cases, there were fifteen reactions, an incidence 
of one to every 480 patients. If the probable statistical error is taken 


into account, considering the small number of cases of dermatitis, 


these figures do not show any especial tendency for reactions of this 


group to appear either early or late in the disease 
[tis further worth noting that only one patient with early secondary 
syphilis showed evidence of gross vascular damage. It was noted in a 


preceding paragraph that reactions were three times as frequent in the 


TABLE 3.—Type or Rasw iN Earty ann Late Cases or SYPHILIS 
Karly 
Syphilis Lute Sy} s (Duration More Than 1 Ye Ne 
Type of “vp 
Rash Pr Secor Positive Cardio Vis rertiary t 
mary dary Wasser vase era Sk 0 i 
ma Bone 


Macular, maculo 

papular mild 

vesicular 
Ex foliative l 
Stomatitis tel 

ng 


lotal by groups 


white as in the colored race. Since late vascular syphilis occurs with 
somewhat greater frequency in colored patients, this ratio lends support 
to the view that such blood vessel alterations, at least, play no etiology 
role. Furthermore, the fact that exfoliative dermatitis occurred in 
two patients clinically nonsyphilitic eliminates syphilis as a modifying 
influence upon the reaction 

Drug implicated—No arsphenamin product which we have 
employed has been found to be free of these toxic effects. Five of the 
twenty-three patients developed reactions after salvarsan (German 
product) ; one after neoarsphenamin ( Metz) (administered by an out 
of town physician) ; fifteen after the diarsenol brand of arsphenamin ; 
two after the novarsenobenzol ( Billon) brand of neoarsphenamin ; and 
one after sodium cacodylate 

Association with other drugs.—I\n only five of our twenty-three 
cases was any other drug, in particular mercury or potassium iodid, 
used in conjunction with the arsenical product employed, or even at 


any time near the development of the reaction. This point is specifically 
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stated because of the difficulty in the differentiation of drug rashes, and 
the controversy which has raged in Germany over the possible identity 
of mercurial and arsenical dermatitis. It is, therefore, apparent that 
the arsenical preparation must be regarded as the only drug involved 
in the reaction. 

Dosage and number of doses.—Table 4 shows the tendency of 
reactions of this group to appear early in the course of treatment, all 
but four occurring before the seventh injection. Contrary to the 
experience of most other observers, we have seen two reactions of this 


group occur after the first injection of the drug. 


PREVIOUS REACTIONS 

Chis part of the study is of much practical importance. It is essen 

tial to be able to recognize the prodromal symptoms of reactions of this 
group. In Table 5 the preparations used, the dosage, and the reaction 


TABLE 4.—INcipence or Reactions or Dermatitis Group; NUMBER OF 
Doses or Druc Precepinc REACTION 


Reaction After Dose 
ype of Rash 


1 ’ ‘ : t 7 s 9 10 11 1 18 
Mild urticarial, herpetic 
erythematous 1 
exfoliative group 1 1 
\llied reactions 1 
Fotal i l 1 


following each dose are presented in tabular form. It will be noted that 
in six cases there were definite prodromal symptoms, appreciation of 
which should have led to caution in further treatment 

One patient (Case 6) who developed a mild maculopapular rash 
after each of two doses of diarsenol, also reacted to neoarsphenamin 
with herpes once, and after each of eight further doses, with marked 
malaise, usually lasting several days. The malaise seen in retrospect 
was out of all proportion to the size of the dose. After the ninth dose, 
the patient developed stomatitis and aplastic anemia and died. 

In three patients (Cases 8, 11 and 19) a mild rash was disregarded 
and further arsenic administered. In one of these cases there was 
complaint of itching after the third and fourth doses of diarsenol, with 
a mild rash after the fifth; in spite of which a sixth dose was given. 
\n unusually severe exfoliative dermatitis developed 

One of the patients (Case 12) reacted to four of six doses of 


diarsenol with unusually prolonged periods of fever. The seventh 
dose was followed by a fatal rash. The last patient (Case 10) 


developed a stomatitis which was regarded as Vincent’s angina (on 
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insufficient evidence), and treatment persisted in, with the result that 
the stomatitis was markedly intensified and the patient made 
critically ill. 

In the other sixteen cases there were no prodromata which seemed 
significant. However, we feel justified in calling attention to the danger 
of persistent arsenical therapy if there develops after any injection 
itching, a mild macular, maculopapular or vesicular skin rash, espe 
cially if there is any tendency to scaling, however slight, stomatitis, 
prolonged fever, or malaise out of proportion to the dosage 
administered. 

Dosage.—Table 5 also indicates the dose of the drug administered 
Generally speaking, there is apparent no tendency for skin reactions to 
occur more frequently after large than after small doses. For several 
years it has been our custom to give ambulant patients not more than 
0.4 gm. arsphenamin or its arsenical equivalent of allied preparations ; 
but no diminution in the incidence of reactions has resulted 

Interval between treatments—Though not indicated in Table 5, the 
average interval between doses was one week. In most of the cases our 
routine plan of treatment was followed until interrupted by a reaction 
This consists of courses of arsphenamin alternating with courses of 
mercury, the arsphenamin course consisting of six doses at weekly 
intervals, the mercury course lasting, depending on the stage of the 
disease and the amount of previous treatment, from six weeks to four 
months. 

Technic of administration—We are firmly of the opinion that the 
technic of administration of the arsphenamins has no effect in pro 
ducing reactions of this group. In the syphilis clinic of the Johns 
Hopkins Hospital, and in the wards, ample provisions are made to 
guard against technical errors, and the technic has not varied in the six 
year period from which this material is drawn. The same may be 
said of the other drugs involved. There has been noted no tendency 
for these reactions to occur in groups on special days, when a break in 
technic might have occurred. 

Lot of drug employed.—In only two instances has any relation 
appeared between the lot of drug employed and the incidence of these 
reactions. The second dose of salvarsan (0.45 gm.) given in Case 1 
of Table 5 was half of a 0.9 gm. ampule, the other half of which was 
used in Case 2. This man did not develop a rash, but a week after the 
injection, and for three weeks thereafter, he complained of itching ; 
and his blood showed characteristic changes in the leukocytic picture 
Case 12 of Table 5 was one of five patients who each received 0.6 gm 


from a 3 gm. ampule of diarsenol. Three of these patients had no 


reaction; the other developed jaundice and a blood picture showing 
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fe 


a large mononuclear transitional increase. The record of this pafient, 
however, is unfortunately too incomplete to include in the present 
series 

With the other patients, no such relation to the lot of drug can be 
traced. Twelve of the remaining twenty-one patients were treated in 
the Outpatient Department, and received their injections from the 
same lot of drug as about sixty other patients, none of whom developed 
similar reactions. This indicates that any apparent association of der- 
matitis reactions with the lot of drug used is only accidental, and that 
this factor plays no role in their incidence. This point is particularly 
emphasized since it practically rules out impurity in the drug as a 
causative factor 

CLASSIFICATION OF LESIONS 

ur twenty-three patients have suffered from thirty-one reactions 
in this general group. These thirty-one reactions have been urticaria 
(six times) erythema (once), herpes simplex (twice), macular or 
maculopapular rashes (five times), exfoliative dermatitis (fourteen 
times), stomatitis (twice), and itching (once). The evidence has per- 
mitted us to classify these different manifestations into a mild and a 
severe group, on the basis of their constitutional manifestations and 
their significance as regards the further treatment of syphilis. In the 
mild group fall urticaria, erythema, and herpes; in the severe group 
the macular, maculopapular and exfoliative rashes, itching and 
stomatitis 

Mild Rashes: Urticaria, herpes, erythema.—Only those cases of 
urticaria so severe as: to attract special notice have been included in 
this series. We have made no attempt to tabulate all such cases in our 
material, and are, therefore, unable to state with accuracy the incidence 
of this reaction. Urticaria has long been recognized as one of the 
immediate after effects of the injection of arsenical preparations. The 
wheals appear during the injection or within two hours afterward 
Usually, the rash lasts only a few hours, in exceptional cases from 
several days to a week. It is common in association with nitritoid 
crises ; and, having once occurred, is likely to occur again after repeated 
injection of the same drug. This rule is subject to variation. Urticaria 
may follow several injections, then disappear, not to dDccur again; or it 
may occur infrequently throughout a whole course of treatment. 

We have observed no accompanying constitutional manifestations, 
except those associated with the nitritoid crisis. The temperature is 
normal, and studies of the urine and blood fail to reveal any abnor- 
malities. In view of the importance we attach to changes in the blood 


picture in the severe types of reactions, this point has been specially 


investigated in patients with urticaria, with negative results. 
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In our experience, the occurrence of urticaria has no significant 
bearing on further arsphenamin therapy. In most instances it may be 
disregarded, and more arsphenamin administered with the certainty 
that sooner or later the tendency to hypersensitiveness will be lost. It 
is an interesting fact that a patient who develops urticaria after one 
drug will often fail to develop it if a different preparation is used 
Thus one patient (Case 18 of Table 5) had very severe attacks of 
urticaria after the second and third dose of diarsenol (0.3 gm. each), 
but did not develop it at all after five subsequent doses of neoarsphena 
min. The prognosis is uniformly good \s stated above, no grave 
constitutional disturbances have been observed, and no patient has been 
seen who, after having had urticaria, later developed a more serious 
dermatitis 

We have not noted, as has been mentioned by Emery and Morin 
and by Saphier,* late cases of urticaria coming on several days aftet 
the injection and simulating serum disease by its association with fever 
and joint pains 

The treatment of these reactions is that of urticaria in general 
Che eruption can be controlled completely by the repeated use of 
epinephrin intramuscularly, which may also be used as a prophylactic, 
given before the injection of arsphenamin 

Herpes simplex may be attributed directly to the action of arsenical 
preparations. It may be severe, as in one patient in whom the chin, 
lips, tongue and buccal surfaces were literally covered with large 
herpetic lesions. It is rare, only two cases having been noted ; and it is 
apparently of no significance as a contraindication to further treatment, 
since continuation of arsenic therapy (of both the same and different 
drugs) has been without ill effect in both these patients. We have 
seen no cases of herpes zoster 

\ fleeting erythematous rash has also been seen in several patients 
The rash is usually a diffuse dusky red erythema, blanching readily on 
pressure, and involving the buccal mucosa as well as the skin. It may 
be accompanied by a moderate elevation of temperature. Usually it 
fades rapidly and has completely disappeared within three days. Fur 
ther injections of the same and different drugs have been unaccom 
panied by any reaction. 

In both these groups, aside from a mild fever, accompanied often 
by leukocytosis, no constitutional disturbances have been observed 


Studies of the urine, kidney function, and blood have all been negative 


3. Emery and Morin: Accidents des arsénobenzénes et anaphylaxie, Paris 
med. 35:80, 1920. 
4. Saphier, J.: Ein Fall von Salvarsan—Allergie, Munchen. med. Wcechnschr. 


46:130, 1919 
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Macular, Vesicular and E-xfoliative Rashes—The more important 
group includes the macular and maculopapular rashes, vesicular erup- 
tions, exfoliative dermatitis, and certain allied reactions. We regard the 
skin manifestations of this group as degrees of the same process. We 
have occasionally seen a mild macular rash assume vesicular or exfo- 
liative characteristics. 

The time of appearance of rashes of this type varies from twenty- 
four hours to fourteen days. In thirteen cases in which the interval 
between the last dose and the appearance of the rash could be deter- 
mined with certainty, the average was 4.6 days. The wide variation in 
individual cases is doubtless due to the fact that it is impossible to 
determine the exact effect of any given dose in the production of the 
rash 

Che characteristics of the rash have been described so often that a 
too detailed account is superfluous. It begins as a maculopapular or 
vesicular dermatitis, often limited to the extensor surfaces of the limbs, 
but rapidly spreading until the whole body (scalp, face, trunk, extrem- 
ities, palms and soles) is involved. In the milder cases, particularly of 
the macular or maculopapular type, the process may stop with this, and 
the eruption disappear in a few days. Frequently, there is a late fine 
branny exfoliation. In the more severe maculopapular, and especially 
the vesicular eruptions, marked scaling and exfoliation usually takes 
place, and the skin of the entire body is desquamated in large flakes 
Often an entire palmar or plantar surface comes away intact. The rash 
is accompanied by the most intense and distressing itching. Usually, 
the exfoliation is complete in from three to four weeks, but in some cases 
healing may take much longer. Once or twice it has been noted that 
several distinct exacerbations have occurred in the same patient, the 
skin continuing to exfoliate periodically for several months 

Che exfoliative process is in some cases so extensive as to produce 
minor complications, such as severe conjunctivitis, due to the complete 
desquamation of the conjunctival epithelium ; temporary deafness, from 
heaping up of the exfoliated epithelial debris in the external auditory 
canal; and, in women, vaginitis. Diarrhea is not uncommon, and the 
stools may for a short time contain large amount of mucus and epithelial 
cells. The buccal surfaces may also be involved, the tongue and cheeks 
being thick and swollen, and the epithelial covering desquamated. 

The graver complications which may occur with exfoliative dermatitis 
are: arsenical neuritis, jaundice, skin infection, bronchopneumonia and 
acute nephritis 


Peripheral polyneuritis was uncommon in our series, being noted in 


only two patients. It consists of pain, abolition of deep reflexes, espe- 
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cially in the legs, and sensory disturbances. Beeson ° describes a case ot 
exfoliative dermatitis complicated by polyneuritis, and reviews this phase 
of the literature. 

Jaundice has also been noted by several authors. It has been aseribed 
directly to liver damage, generally of the type of acute yellow atrophy 
It occurred in three of the eighteen patients in our series. In each case, 
however, it was mild, a late phenomenon, and was apparently of no 
significance 

Skin infection played an important role in the prolongation of the 
illness of nine cases, and was a contributory factor in the death of two 
lt is due to the universal weeping eczematous character which the 
eruption ultimately assumes. Cracks and fissures in the skin are large 
and numerous, scratching is almost impossible to prevent and_ the 
inevitable entrance of the common skin organisms produces painful and, 
at times, serious furuncles and carbuncles. Two of our patients died of 
streptococcus septicemia following extensive skin infection 

Since, as we have seen above, exfoliation is not confined to the 
skin, but may also involve the epithelial lining of such structures as the 
conjunctiva, buccal surfaces, external ear, vagina and gastrointestinal 


tract, it is not unusual to note also a denudation of the mucous mem 


brane of the trachea and bronchial tree Thus, bronchitis is frequent, 
and if the process has been sufficiently extensive, bronchopneumoni 
follows as a logical sequence. This has occurred in four of our patients 
The pneumonic consolidation is often extensive. Both the broncho 


pneumonia and the skin infection are furthered by the lack of bodily 


defense against bacterial invasion, which, in turn, is caused by the 


direct action of the arsenic on the bone marrow, as shown by the blood 
picture, 


Studies of the urine and of renal function in ese cases are af 


interest, In about SO per cent. of the patients there is evidence of more 


or less severe damage to the kidneys Albumin usually appears in 
amounts varying from a trace to 3 gm. per liter; casts are present ; 


and in several cases, notably those with skin purpuric manifestations, 
microscopic and chemical blood has been found. In two of the fatal 
cases there has been noted a rapid decrease in the phenolsulphon 
phthalein output to practically nothing; and in these patients the urea 
nitrogen and nonprotein nitrogen of the blood has risen rapidly. Not 
all of the severe or fatal cases have shown this phenomenon, however 
ina few the kidney function remained apparently unimpaired. A few 


of the patients have given evidence that the acute nephritis has been 
transformed into a chronic nephropathy, and that some residual kidney 


damage is permanent 


5. Beeson, B. B.: Polyneuritis Plus Dermatitis Exfoliativa Following N« 
Arsphenamin, Arch. Dermat. & Syph. 2:337 (Sept.) 1920 
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rhirteen of eighteen patients had, throughout the course of the 
rash, a rise in temperature ranging from 100 to 105 F. usually lasting 
from two to four weeks. Two cases were afebrile, and in three no 
observations were made. The temperature curve is usually irregular 
and remittent ; in some cases a definite infectious agent can be found to 
explain it in the complications discussed above—skin infection and 
bronchopneumonia ; in others no cause is demonstrable. 

Four patients developed at one time or another during the rash, 
many petechial hemorrhages throughout the skin. These were among 
the more serious cases; and of these four patients, two died. 

In the course of routine study of cases of this type, our attention 
was directed to changes in the blood picture which have generally been 
unrecorded. Previous reports ® from the Johns Hopkins Hospital have 
called attention to this phenomenon. Eleven of our eighteen patients 
with exfoliative and maculopapular rashes have been studied carefully 
from this viewpoint, and the results are summed up in Table 6. 

It will be seen that there is practically no evidence of damage to 
the erythropoietic function of the bone marrow, except in one severe 
fatal case, in which a typical aplastic anemia occurred. There is usually 
leukopenia, which may be marked (600 W. B. C. per cu. mm.), but 
which may be modified by the presence of intercurrent infection to 
produce a leukocytosis. In the differential picture the outstanding 
features are marked alteration of all the leukoblastic cells of the bone 
marrow, the lymphoid elements remaining largely unharmed. There 
is an absolute and relative decrease in the polymorphonuclear neu- 
trophile cells (which may even completely disappear). The basophile 
cells if affected at all are slightly increased. Eosinophilia, which may 
reach unusual proportions (56 per cent.), was noted in 10 cases. It 
persists over long periods of time, in one case more than three months 
There is frequently a marked increase in the other cells of bone mar- 
row origin, the large mononuclear-transitional group, which may also 
reach unusual heights (50 per cent.) (Table 7). Usually, when there 
is a great increase in this cell group, eosinophilia is either absent or 
slight, and vice versa; though occasionally (Case 7 of Table 6) both 
groups may be increased. 

Many of the leukocytic cells in the circulating blood are abnormally 
fragile, and apparently break down into unrecognizable smudges. Occa 


sionally, a few myelocytes, myeloblasts, or so called “irritation forms” 


6. Evans, F. A.: Observations on the Origin and Status of the So-Called 
[Transitional White Blood Cell, Arch. Int. Med. 17:1 (Jan.) 1916. Moore, J. E., 
and Foley, F. E. B.: Serious Reactions from the Salvarsan and Diarsenol 
Brands of Arsphenamin: Unusual Blood Pictures, with the Report of a Fatal 
Case, Arch. Dermat. & Syph. 1:25 (Jan.) 1920. Moore, J. E., and Keidel, A.: 
Stomatitis and Aplastic Anemia Due to Neo-Arsphenamin (to be published) 
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may appear, indicating some effort at regeneration on the part of the 
leukopotetic centers of the marrow. Unfortunately, the platelets have 
not been counted, though in some cases (especially those with purpuric 
manifestations) they have seemed in the stained smear to be decreased 

For detailed accounts of the blood findings in five cases of this 
type, the reader is directed to earlier articles. For the sake of com- 
pleteness, the studies of the blood of two cases, with brief abstracts 


of the histories, are presented in Table 7 


n Two Cases 


rABLE 7.—Comptete BLoop Stupy 


Differential Count (per Cent 











S Remarks 
Rev Hb., White = 8 
Date Blood per Blood S 5 
Cell Cent Cells & . A) 
2 = 
2 
eS = 
3. =< 7 ond 
Case l* 
>) 9190 $206 00K 70 17.0 0.66 60 33.3 13.0 Four days after 
2/11/20 63.6 0.0 10.3 23.5 3.0 onset of reac 
»/12/20 1 0” 10.0 40 tion 
»/13/20 m0 0.3 15.6 .6 
/17/20 4 (nM 67.3 0.0 3 1.3 | Skin infection 
?/19/20 68.6 1.3 15.0 3.6 and broncho 
»/25/20 TRL tal 23,900 85.0 0.0 3.6 0.3 pneumonia ac 
counts for leu 
koceytosis 
»/27/20 Patient died 
Case 2t 
1! © CAR) CAR 85 10.0 0 19.0 90.0 
11/4 25.0 1.0 24.0 0.0 Platelets, 132,000 
1/5 5.5 1.0 16.0 48.5 
11/ 6 6.404 08 x 8.0 Lo 16.0 45.0 
11 36.0 Ai) $0 23.0 36.0 
11/ & 33.0 0 8.0 37.0 
il ; 39.0 0 me |) "6.0 290 
11/1 4.0 50 1o 19.0 41” 
11/11 42.5 0 0 23.5 30.0 
11/1 ie) 008 ™) 57.5 10 0.5 0.5 20.5 
111 
1 14 0.0 0.5 0 3.5 5.0 
11/1 4.0 1.5 0 34.5 
Patient. a white woman, aged 31, was treated for a gumma of the soft palate Five 


doses of diarsenol, 0.3 gm. each, were given at weekly intervals, the last dose February 4 
The next day appeared a profuse macular rash, rapidly becoming vesicular and exfoliating 
About February 15, there developed an intractable diarrhea, extreme generalized edema, skin 
infection and bronchopneumonia The patient died twenty-two days ofter the onset of the 
reaction Necropsy was not permitted 

+ This patient was a white woman, aged 38, nonsyphilitic, with a sarcoma of the choroid 
As a therapeutic test was requested by the ophthalmologist, she was given two doses of 
diarsenol, 0.3 gm. each, October 21 and 28. Four days later she developed a typical exfoliative 


dermatitis which ran the usual course, uncomplicated by skin infection or bronchopneumonia 


That the eosinophilia is not to be ascribed to the skin lesion is 
evident from the study of the blood in patients suffering from stomatitis 
and itching, in whom the blood changes constitute the reason for classi- 
fying such reactions as allied to dermatitis 


One of the striking features of the rashes of this group is their 


tendency to recurrence after further arsenical therapy. This has been 
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emphasized in the past, so that in the minds of many syphilologists the 
occurrence of a rash of any type is a sufficient signal for the discon 
tinuance of all further arsenic therapy. It has been pointed out that 
for the urticarial, herpetic and erythematous rashes, this does not 
hold good. In rashes of the maculopapular and exfoliative type, it is 


a factor of great importance ; as may be seen from the following case 


M. A., a white woman, aged 37, had in April, 1916, a very severe exfoliative 
dermatitis after the sixth of a series of doses of diarsenol of 0.3 gm. each, 
except the last, which was 0.2 gm. She was desperately ill for a time, and 
was in the hospital four weeks. In November, 1917, eighteen months late: 
she was given 0.1 gm. diarsenol, and within three days developed another 
exfoliative rash of almost as great intensity as the first 


Che second reaction may differ in type from the first as in the case 
of one patient (J. H.) who developed a moderately severe maculo 
papular rash after the third dose of arsphenamin. Five months later, 
another injection of the same drug was given, which did not cause a 
rash. On the following day, however, blood was found in the urine 
chemically and microscopically. No further treatment was given 
How long this intolerance to the drug persists we do not know, since 
we have thought it wise to avoid clinical experimentation. 

An observation of importance to the patient, however, has been 
made in this connection in the course of our study. If exfoliative 
dermatitis or an allied reaction is noted after the use of one arsenic 
preparation, a similar intolerance does not appear to exist in most 
cases for other drugs. Thus it is not always necessary completely to 
abandon arsenic treatment in a patient who may be badly in need of it 
In six cases of exfoliative and maculopapular dermatitis, a change in 


the arsenic preparation has been attempted, with satisfactory results 


in four. An illustrative history follows 
R. L., white male, aged 38, with a gumma of the nasal septum, showed a 
generalized maculopapular rash twenty-four hours after the first dose of 


diarsenol, 0.3 gm. This itched intensely, did not exfoliate, and disappeared in 
about ten days. For fear of transforming this comparatively mild reaction 
into a grave one, diarsenol was discontinued, but two weeks after the first 
injection, 0.3 gm. neo-arsphenamin was administered. This was followed by 
no reaction. During the next year, nineteen doses of neo-arsphenamin, rang 
ing from 0.6 to 0.9 gm., were given, none followed by any reaction whatever 
One year from the date of the first dose of diarsenol, an injection of 0.1 gm 
sodium diarsenol was given to determine if the original intolerance had been 


lost. This was followed by a severe general reaction (chills, fever, malaise, 
nausea) and the rapid appearance of a sparse maculopapular rash, which 
lasted four days. Again, further injections of neo-arsphenamin were without 
ill effect 


\s opposed to cases of this sort we may mention an example in 


which the outcome was less happy 
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L. H., white woman, aged 50, with primary syphilis, showed early signs 
f intolerance to diarsenol. Two days after the first injection of 04 gm. she 
developed a mild maculopapular rash, which was considerably intensified after 
the second dose of 0.2 gm. Arsenic treatment was discontinued and was not 
resumed for seven months, at which time 0.3 gm. neo-arsphenamin was given 
This was followed in two days by a profuse outbreak of labial herpes, but 
no generalized rash. Succeeding doses of neo-arsphenamin, eight in all, led 
to the occurrence of no rash; but we should, perhaps, have been warned by 
the intense general malaise and “knocked out” feeling which followed each 
injection. One week after the last dose she developed stomatitis, an intense 
aplastic anemia, together with the characteristic leukocytic reaction described 
above, and after an illness of a month, she died. 


These cases lead one to the conclusion that in some instances of 
this group, which unfortunately cannot be designated accurately before- 
hand, further arsenic therapy is possible, provided another drug is 
substituted for the one which originally produced the reaction. How- 
ever, such a substitution should be begun very cautiously. If arsphena- 
min is to be substituted, the first dose should not be more than 0.005 
gm.; if neoarsphenamin is used, not more than 0.01 gm.; and increase 
in dosage should be undertaken with caution. After each injection, 
the patient should be under careful observation, and the occurrence of 
any of the symptoms previously mentioned as prodromata should be 
the signal for abandonment of arsenic therapy. The interval between 
injections should be prolonged to at least two weeks instead of one 
week, in order to allow plenty of time for the development of untoward 
symptoms ; and these precautions should be continued until the tolerance 
to the new drug is established. 

Furthermore, studies of the blood should be carried out during 
such an attempt. This paper and the others of this series have shown 
that characteristic changes in the blood are an essential part of the 
reaction, and that such changes may occur in the absence of any evident 
skin lesions. It may be accepted as a fact that leukopenia, a marked 
decrease in the number of neutrophil cells, eosinophilia, increase in the 
large mononuclear-transitional group, or the appearance of many fragile 
or abnormal forms are of serious portent, 

Another method of the possible determination of loss of intolerance 
to arsenic preparations has recently been suggested by Stuart and 
Maynard,’ who propose an intradermal skin reaction. They found 
that such injections of minute quantities of arsphenamin produced a 
positive skin reaction in two of three cases of exfoliative dermatitis. 


7. Stuart, H. C., and Maynard, E. P.: Hypersensitiveness to Arsphenamin 
Following Exfoliative Dermatitis: A Cutaneous Test, Arch. Int. Med. 26:511 
(Nov.) 1920 
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some months after the reaction. We have attempted the use of a 
similar test, but we used the method of scarification, which Stuart and 
Maynard warn against. Only negative results have been obtained 

The prognosis of reactions of the exfoliative dermatitis group 1s 
grave. Among our cases there have been four deaths (with an addi 
tional one among the allied reactions to be described, a mortality of 27.7 
per cent. The deaths occurred once after the salvarsan brand of 
arsphenamin, once after sodium cacodylate (administered elsewhere ), 
and twice after diarsenol. In two instances, death was due to septi 
cemia, the portal of entry in all probability having been through the 
damaged skin. A third death was apparently due to the accompany 
ing aplastic anemia. 

In general, the necropsy findings were the same in the three cases 
studied. There were innumerable hemorrhages throughout all the 
organs, more intense in the lungs, gastro-intestinal tract and kidneys 
The hemorrhagic nephritis in one case was extreme. The bone marrow, 
in two cases examined, was markedly aplastic, with, as the outstanding 
feature, an almost complete absence of orderly leukopoietic centers. In 
two cases there were noted, especially in the lungs, areas of bacterial 
invasion without the usual cellular exudate. As previously pointed out, 


Winternitz and Hirschfelder * found a similar non-cellular exudate in 
the pneumonia of experimental animals whose bone marrow had been 
destroyed. 

rhe treatment of reactions of this type is almost wholly a question 
of nursing. For the alleviation of the itching calamine lotion may be 
used. It has been found that the prevention of skin infection, with its 
resultant possible general septicemia, can sometimes be accomplished by 
frequent changes of sterile night dress and sheets. Sterile surgical 
stockings for the legs are also an aid [he hands may have to be 
bandaged to prevent scratching. If skin infection does occur, con 
tinuous baths of 1:50,000 mercuric chlorid solution may prove 
helpful 

The general therapy resolves itself into an attempt at elimination by 
saline purgatives and diuresis. Diaphoresis should not be employed 
because of the already damaged skin. For the severer forms of 
aplastic anemia occasionally seen, repeated transfusions of matched 
blood have been tried, but so far as we have been able to see, without 
beneficial effect. 

ALLIED REACTIONS 

Under this head we include itching without a skin rash (which we 

regard as a prodrome of dermatitis), and stomatitis. 


8. Winternitz, M., and Hirschfelder, A. D J. Exper. M. 17:657, 1913 
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That the symptom of itching ts not one lightly to be disregarded 1s 
shown by the fact that if arsenic therapy is persisted in, a severe exfo 
liative dermatitis may develop (Case II, Table 5). It may also be 
associated with marked constitutional changes, as in Case 2, Table 5 
(previously reported in detail), in which characteristic changes in the 
blood picture were noted. After the second dose of salvarsan, the 
patient showed, during his period of itching, a marked relative and 
absolute decrease in the polymorphonuclear neutrophils (34 per cent.), 
eosinophilia (12 per cent.) and a large mononuclear-transitional 
increase (23.5 per cent.), with the appearance of a few myelocytes, 

Two cases of stomatitis are included in this group, both of which 
have been made the subjects of separate reports.* In both these cases, 
there was no dermatitis whatever, and neither patient had taken mer- 
cury (the first never, the second not for seven weeks before the onset 
of the reaction). The stomatitis was very severe, involving not only 
the gums, lips and cheeks, but the posterior pharynx as well. In one 
case, Vincent’s organisms were demonstrated, but are to be regarded 
as secondary invaders. The clinical characteristics of the stomatitis 
almost exactly simulate those following the incautious use of mercury 

In each case the blood picture forms the basis for its inclusion in 
this group. In the first case there was leukopenia (2,800 leukocytes ) 
with a complete absence of polymorphonuclear neutrophils, no 
eosinophilia, and a marked increase in the large mononuclear-transi- 
tional group (39 per cent.). Three weeks after the onset of the 
reaction, there was a normoblastic crisis, immediately preceded by a fall 
by crisis in the temperature from 103 F., and thereafter rapid recovery 

In the second case, there was a rapidly progressing fatal aplastic 
anemia, together with extreme leukopenia (600 leukocytes), almost 
complete disappearance of neutrophils and of the other leukocytic 
groups of bone marrow origin, and a complete absence of attempts at 
regeneration. In both cases there was hematuria, and in the second 
case, typical severe purpura. It will at once be noted that these changes 
in the blood are in all respects similar to those observed in the more 
severe cases of exfoliative dermatitis 

The condition of the mouth, therefore, should be kept under close 
surveillance during all antisyphilitic treatment. The occurrence of 
stomatitis should lead to a general survey of the patient, especially to 
blood studies; and changes in the blood, such as we have described, 


should lead to the suspension of arsenic therapy, which should be 


resumed only after an interval of several months and with due caution. 
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DISCUSSION 


The literature regarding these reactions, which is volumimous, con 
sists in great part of case reports.” We have not attempted, therefore, 
to review every article in detail, but have limited the scope of out 

/ discussion to the five points raised by our own material: (1) the classi 
fication of reactions of this group; (2) the inclusion of stomatitis as a 
member of the group; (3) the significance of the changes in the blood ; 


| (4) the practical importance of the possibility of substitution of another 





arsenic preparation for the one causing the reaction, and (5) the 
etiology of such reactions, in particular those of the graver type 

A first consideration in the classification of dermatitis 1s the proper 
evaluation of the causative influence of arsenic. Drug rashes, especially 
exfoliative dermatitis, due to mercury were not unknown before the 
introduction of the arsphenamins, and there has been disagreement, 
especially in Germany,'’’ over the role played by arsenic in these 
phenomena. Bine’s '' case illustrates the difficulty of deciding whether 
a toxic rash is due to arsenic or mercury, when both drugs are given 
together. Since the majority of our patients received no drug except 
arsenic, there can be no confusion on this point 

Harrison ' classifies his 128 cases of dermatitis as severe, moderately 
severe and mild, the two former groups including all the cases of 
dermatitis in which exfoliation was noted, and the latter all instances of 
limited urticaria. He does not attempt an interpretation of this group 
ing, and states that “treatment was stopped, or continued very cau 


tiously, after the slightest sign of skin trouble.” 


9. Didry: Dermatite exfoliative généralisée consecutive a des injections de 
606, Ann. de mal. ven. 11:723, 1916. 


Frihwald, R.: Ueber Medikamentose Spatexantheme nach Intravenose sal 
varsan injektionen, Munchen. med. Wechnschr. 58:2109, 1911 

Glombitza: Spat-exantheme nach Salvarsan natrium injektionen, zugleich 
ein Beitrag zur viscerale Fruhlues, Deutsch. med. Wchnschr. 43: 1452, 1917 

Malherbe, H.: Accidents cutanées dus a l'emploi du 606, Ann. de mal. ven 
12:662, 1917. 

Nussbaum, O.: Erythema scarlatiniforme nach Salvarsan  intoxikation 
Deutsch. med. Wehnschr. 44:468, 1918 

Leonard, L. G Severe Dermatitis During Treatment with Novarseno 
billon, Brit. M. J. 2:773 (Dec. 13) 1919 

Lau Dermatitis Exfoliativa Following the Administration of Salvarsat 
J. Cutan. Dis. & Syph. 37:403, 1919 

Ffrench, FE. G.: Exfoliative Dermatitis Occurring During Treatment with 
Arsenic, Lancet 1:1262 (June 12) 1920 

10. Wechselmann: Ueber die Verwechslung von Quecksilber und Salvarsat 

exanthema, Munchen. med. Wehnschr. 48:1638, 1915 

Brandweiner: Quecksilber oder Salvarsan dermatitis, Wien. klin. Wehnschr 
29:29, 1916 

ll. Bine, R exfoliative Dermatitis Following Neo-Salvarsan [nie 


tions. Boston M. & S. J. 175:96, 1916 
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Parnell and Fildes * divide their material on the basis of the skin 
manifestations. Of the thirty-eight rashes, twelve were erythematous, 
fourteen macular, four papular, two follicular, one polymorphic and 
nine unclassified. In two cases jaundice co-existed. Except in one 
patient, all the rashes were relatively mild, and in general, further 
arsenical therapy was possible 

Brauer '* recognizes that the significance and etiology of the various 
dermatoses is not the same, and adopts a classification which closely 
approximates our own. He divides all arsphenamin dermatoses into 
two groups, primary and secondary. In the primary group he includes 
the “genuine toxic exanthems,” and the skin lesions produced by the 
local infiltration of the drug into the tissues, necrosis and gangrene. 
He saw sixteen instances of such general toxic rashes in thirteen of 
1,500 patients. Of these nine were erythematous, scarlatiniform or 
morbilliform, with or without stomatitis ; one was erythemato-urticarial, 
complicated by edema; two were exudative erythema multiforme ; one 
was purpura rheumatica with erythema nodosum; and one was severe 
universal pemphigoid dermatitis. To seven of these patients more 
salvarsan was administered after the eruption had subsided, and in only 
three cases was there recurrence of a rash. Brauer states that it 1s 
impossible to predict the likelihood of recurrence in any given case. 

As secondary dermatoses he includes herpes simplex and zoster, 
hyperidrosis, alopecia, alterations in the nails, jaundice, melanoses 
occurring after primary rashes and immediate macular and urticarial 
rashes. He considers the etiology of this group to be other than the 
actual toxic effect of arsenic. For example, he suggests that urticarial 
rashes are to be regarded as a Herxheimer reaction, and are due to 
the destruction of foci of spirochetes in the skin. 

We are in complete agreement with the general aspect of this 
classification, except that we feel that some of the cases which Brauer 
regards as primary, especially mild erythematous and morbilliform 
eruptions, should certainly belong to his secondary group. 

Milian ** has recently drawn attention to the obscurity in the classi- 


fication of arsenical dermatoses. He divides them into two main 
groups, on the basis of etiology. The only skin manifestation which he 


regards as directly due to arsenic is exfoliative dermatitis, which in its 
early stages may be scarlatiniform, maculopapular, or vesicular. He 
notes particularly the association of edema with such cases. All other 
dermatoses he believes are of infectious origin: that is, they are acute 


12. Brauer, A.: Zur Kenntnis der Salvarsan Dermatosen, Dermat. Ztschr 
19:800, 1912 

13. Milian, G.: L’erythéme arsenical oedemateux desquamatif, Bull. et mém 
Soc. méd. d. hop. de Paris 43:1055, 1919 
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exanthemata, such as measles or rubella; or they are due to the lighting 
up of latent bacterial infection following the temporary general lower 
ing of resistance after intravenous arsphenamin therapy 

Our experience leads us to believe that as to the herpetic and 
erythematous rashes this latter conception may be true; but we do not 
feel that any of the eruptions we have seen were measles, rubella, ot 
other acute exanthems. Furthermore, we are unconvinced by the 
cases '* which Milian cites in support of this contention 

Recently several German authors have described arsenic exanthems 
unlike any we have observed. So far as we know, no similar cases 
have been reported in the American literature. Fuchs '* relates the cas 
of a woman with florid secondary syphilis, whose treatment consisted 
of five courses of combined arsphenamin and mercury. During the 
fifth course, the patient stated that since the beginning of this course 


she had noted, after each injection, a brown spot on her leg which 
itched intolerably Examination revealed a sharply circumscribed 
brown spot on the inner side of the left thigh about the size of a 
(serman mark piece. The skin was elsewhere unaltered. Ninety min 
utes after the injection of 0.45 gm. neoarsphenamin this spot was 
markedly reddened, its edges flaming red, and there was much itching 


and burning. One hour later the irritation began to subside, and 


‘ 


within two hours the area looked as it had before the injection. Eight 
lays later the spot was painted with a concentrated solution of neo 
arsphenamin, and the same phenomenon occurred. On the same day 
the patient was given 0.45 gm *odium salvarsan. The local reaction 
was observed to be much less than after neoarsphenamin. 

In another patient with neurosyphilis, it was noted in 1915 that 
after each injection of 0.45 gm. neoarsphenamin there was a marked 
reddening of the right bulbar conjunctiva. During 1916 and 1917 
sodium salvarsan was used and the reaction did not occur. In 1917, 
one dose of neoarsphenamin caused the conjunctival reddening to 
re-appear. In 1919, when an injection of 0.45 gm. neoarsphenamin was 
preceded by 0.5 cm. epinephrin, the reaction was delayed and weaker ; 
and on later attempts epinephrin suppressed it altogether 

Similar cases, to which the name of “fixed” salvarsan exanthem 
has been given, have been described by Schonfeld,"® Naegeli,’? and 


others. Naegeli’s cases are similar to those cited, except that in one 


14. Milian, G Arsénobenzol erythéemes et rubéola, Paris méd. 35:131, 1917 


15. Fuchs, D. Fixe Salvarsanexantheme, Deutsch. med. Wehnschr. 45: 
1276, 1919. 

16. Schonfeld, W.: Fixe Salvarsan exantheme, Deutsch. med. Wehnschr 
46:11, 1920. 

17. Naegeli, O.: Fixes Neosalvarsan exanthem und Adrenalinwirkung 


Cor.-Bl. f. schwei Aerzte 39: 1917. Cited by Fuchs 
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the reaction occurred in a naevus, and in the other in a conjunctiva 
damaged by disease. Because of this he suggests that the marked 
vascularization might explain the basis of the sensitization. The cases 
of the other authors cited do not lend support to this view \ case 
reported by Leibkind '** is similar, except that the recurrent exanthem, 
which was more generally distributed, usually lasted several days 
rather than a few hours. 

Stomatitis as a reaction allied to dermatitis —Stomatitis due to the 
arsenicals has, so far as we have been able to discover, received 
practically no notice in the literature. Brauer '* noted its occurrence 
in some of his patients with dermatoses; but here it was doubtless a 
part of the general exfoliative process, as we have shown that it may be 
Harrison ' states as his impression that patients on combined mercurial 
and arsenical treatment suffer more frequently from stomatitis than 
those treated with either drug alone. He feels that arsenic alone may 
not be so active in causing stomatitis, but adds sufficiently to the irrita- 
tion produced by mercury to precipitate a stomatitis which might 
otherwise have failed to occur 

We have been unable to find any mention of the constitutional dis 
turbances or of changes in the blood in this form of stomatitis. The 
facts that our two patients developed this phenomenon under arsenic 
treatment, that one had never taken mercury and the other not for two 
months, and that the blood picture was found to be precisely the same 
as that observed in our cases of exfoliative dermatitis, indicate that the 
stomatitis must be regarded as due to the arsenic preparation employed, 
in one case arsphenamin, in the other neo-arsphenamin, and that the 


underlying factor producing the reaction is the same as that in the 


exfoliative dermatitis group. 


SIGNIFICANCH OF rHI BLOOD CHANGES 


Phe alteration of the blood picture has received little notice in the 


literature Schlecht '’ reports two cases rhe first, a patient with 
fatal exfoliative dermatitis after arsenophenylglycin, showed an eosino- 
phiha of 20 per cent. (12,000 leukocytes ) There was no alteration 


in the large mononuclear-transitional group. The second patient, with 
lesions of tertiary syphilis, was given four doses of salvarsan of 0.4 gm. 
each, combined with four intramuscular injections of from 0.02 to 0.04 
gm. calomel. Ten days after the last salvarsan injection there developed 


a scarlatiniform rash with ulcerative stomatitis Che blood, which was 


1 


18. Leibkind, M Beitrag zur Kasuistik der Salvarsanexantheme (fixes 


exazerbierendes Erythem), Dermat. Ztschr. 31:91, 1920 


19. Schlecht: Ueber allgemeine und lokale Eosinophilie bei tieberempfind- 
, 5 


} 


lichkeit gegen organische Arsenpreparate, Mtiinchen. med. Wehnschr., No. 1 


1913 
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not examined until ten days after the onset of the rash, showed leuko 
cytosis (from 14,000 to 17,000 leukocytes ), eosinophilia (from 8 to 25.5 
per @ent. ), and an increase in the large mononuclear-transitional group 
(fr6m 11 to 20.6 per cent.), with the appearance of a few myelocytes 
and normoblasts. 

Strathy, Smith and Hannah *’ report fifty-eight cases of jaundice and 
eight cases of dermatitis as late toxic phenomena due to the arsphen 
amines. In most of these cases, the leukocytes varied in number from 
14,000 to 34,000 per cm., and the polymorphonuclear neutrophils varied 
in number from 50 to 80 per cent. No further details are given 

In a recent paper Hofmann *' reports a patient with exfoliative 
dermatitis in whom an eosinophilia of 60 per cent. was demonstrated 
Eosinophilia has also been noted: by Latham *, and by Stuart and 
Maynard.’ 

\ttention has been drawn in a previous paper to the fact that altera 
tions in the leukocytic picture have been recorded by various observers 
in poisoning from arsenic preparations other than the arsphenamins 
In this connection it is of interest to note that eosinophilia has been 
described as an accompanying feature of mercury dermatitis by | 
Hofmann **; but other changes in the blood picture are not mentioned 


* describes seven fatal cases of exfoliative dermatitis of 


Bowen * 
unknown etiology. In two of these patients frequent repeated exam 
ination of the blood showed no abnormalities 


Not only are references to the blood alterations few, and confined, 


in the main, to the mention of eosinophilia, but no author, so far as 
we have been able to determine, has interpreted these changes other 
than as due to the skin lesions. We have now observed the chara 
teristic alteration in the blood in fourteen of sixteen cases studied ; 
and we feel that the interpretation we have emphasized in previous 
papers ® is justified. Briefly, the evidence allows the conclusion that 


arsenic has a direct action on the bone marrow, wl 


lich is both toxic 
and stimulating. The toxic effects are seen, in mild cases, chiefly in 
the decrease of the polymorphonuclear neutrophil cells, which is respon 
sible for the leukopenia. Even the presence of intercurrent infection, 


20. Strathy, A. S.; Smith, C. H. V., and Hannah, B Report of Fifty 
Eight Cases of Delayed Arsenic Poisoning Following the Administration of 
606 Preparations, Canad. M. A. J. 10:336, 1920 


21. Hofmann, | Ueber Salvarsanexantheme, Dermat. Ztschr. 31:1, 1920 

22. Latham, J. D.: Exfoliative Dermatitis Due to Arsphenamin, Report of 
a Fatal Case, J. A. M. A. 73:15 (July 5) 1919 

23. Hofmann, E.: Ueber Quecksilberdermatitis und die zugrundeleigenden 


histologischen Veranderung nebst Bemerkungen uber die dabei beobachtete 


lokale und Bluteosinophilie, Berl. klin. Wehnschr. 1902, pp. 908, 939. 
24. Bowen, J. 7 Seven Cases of Dermatitis Exfoliativa with a Fatal End 


an. Dis. 28:1 (Jan.) 1910 


ing in Five, J. Cu 
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which may change the leukopenia to leukocytosis, is often insufficient 
to cause the usual neutrophilic increase; and the leukocytosis is made 
up of other bone marrow cells. The stimulating effect of arsenic is 
apparently selective. In the mildest cases there may be eosinophilia 
only; if the reaction is of greater degree, neutrophilic decrease and 
eosinophilia. As the gravity of the damage increases, the eosinophils 
tend to disappear, while the remaining cells of bone marrow origin, 
the large mononuclear-transitional group, are increased. In maximally 
severe cases, all the cells of bone marrow origin disappear, leaving as 
the remaining leukocytic elements in the circulating blood fragile cells 
and lymphocytes. In two of our patients this latter phenomenon has 
occurred, and death has been due to aplastic anemia. 

At the same time, these alterations in the bone marrow lead to a 
loss of the normal bodily defense against bacterial invasion. The nor- 
mally phagocytic cell groups are destroyed: Various authors *° have 
f the bone marrow 1s inter 


shown that when the normal function « 
fered with, whether by roentgen rays, benzol, or by disease (leukemia ) 
antibody production is also decreased or completely inhibited. In our 
cases, while we have not specifically investigated this point, bacterial 
invasion of the skin or the lungs has been common, severe and usually 
protracted. Septicemia has been observed; and at necropsy in two 
cases foci of bacterial invasion without the usual cellular exudate were 
found in the lungs. 

Che blood picture, then, is not due to the accompanying skin lesion, 
because (1) it has been observed in cases without skin lesions; and (2) 
it consists of more extensive changes than simple eosinophilia. It is 
an essential feature of the constitutional disturbance in dermatitis and 
the allied reactions; it accounts for the frequence, gravity and per 
sistence of infections in these reactions; and it may cause death by 
virtue of the aplastic anemia which it produces 

The substitution of a different arsenical preparation for the one pro- 
ducing a reaction.—This point has been noted in the literature, espe- 
cially in the recent articles by German authors ** '* on fixed exanthems. 
We have found it of practical value in enabling us to continue the 
treatment of patients developing serious reactions early in the course 
of their disease. If such a procedure had not been possible, arsenic 
treatment must have been abandoned. Attention has been directed 


25. Hektoen, L.: The Influence of the Roentgen Ray on the Production of 
Antibodies, J. Infect. Dis. 17:415, 1915; 22:28, 1918; 26:30, 1920; 27:23, 1920 
Simonds, J. P.. and Jones, H. M.: The Influence of Exposure to Roentgen 
Rays on the Formation of Antibodies, J. M. Research 33:183, 1915; The 
Effect of Injections of Benzol on the Production of Antibodies, ibid. 38: 
197, 1915. 
Howell, K. M The Failure of Antibody Formation in Leukemia, Arch 
Int. Med. 26:706 (Dec.) 1920 
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to the caution which should be exercised if such a substitution 1s 
attempted. The patient should be surrounded with every possible 
safeguard. 


ETIOLOGY OF DERMATITIS AND ALLIED REACTIONS 


We have nothing to add to the hypotheses regarding the causation 
of urticarial rashes. It has seemed to us that other eruptions of the 
mild group, such as herpes simplex and erythemas, are in all probability 
of infectious origin, and due to the release of organisms from latent 
foci of infection. We find it difficult to ascribe them directly to the 
toxic action of the drug. 

It is with the reactions of the graver type, however, that we are 
particularly concerned. As yet the cause of these reactions cannot 
be designated accurately, but several hypotheses exist, to each of which 
consideration must be given. These are: (1) that dermatitis and its 
allied reactions are an expression of the damage to the hematoporeti 
system; (2) that they are due to the cumulative effect of arsenic when 
its normal excretion is interfered with; (3) that damage to the liver 
prevents the normal change of the arsenical drug from a toxic to a 
nontoxic form; and (4) that they are an expression of anaphylaxis 

The hematopoietic cause of dermatitis —Bétances,** in an article of 
which only the abstract is accessible to us, states that various sympto 
matic skin complexes, such as dermatitis exfoliativa (Wilson-Brocq), 
pityriasis rubra (Hebra), chloroma, mycosis fungoides, and others 
are due directly to disturbances of hemopoiesis. He bases this con 
clusion on histologic study of the lesions, particularly in the skin. He 
concludes that the pathologic process in all these diseases is the same ; 
that it consists of a hyperplasia of the hemopoietic unity with a total 
or partial incapacity of the same to form differentiated myeloid ot 
lymphoid cells, and that it is caused by certain lymphotoxins, myelo 
toxins or toxic lipoids acting on the hemopoietic unity. This hypothesis 
is of interest in view of the findings in the blood of our patients, which 
may perfectly simulate aleukemic lymphatic leukemia. Such a pre 
liminary diagnosis was made in one of our cases 

The cumulative action of arsenic—The fact that arsenic has been 
found in the excreta, particularly the urine, for long periods of time 
after its administration (Stuart and Maynard, ninety-seven days) has 
led to the assumption that, the permeability of the kidney for the drug 
having been impaired, arsenic gradually accumulates in the body until 
a toxic level 1s attained. Under these circumstances, perhaps, the skin 


takes on the function of excretion, and the irritating qualities of the 


¢ 


26. Bétances, L. M.: Rélation Pathogenique entre les Leucémies et certaines 
Dermopathies, Haematologica 1:1 (April) 1920; abstr. in Arch. Dermat. & 
Syph. 2:655, 1920. 
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drug produce a dermatitis. We have not made studies of arsenic 
excretion in our cases. However, this hypothesis is unsatisfactory in 
that it fails to explain the recurrence of dermatitis when minute doses 
of the drug are given after an interval of months; especially in view of 
the fact that in some patients in whom recurrences have occurred, no 
kidney damage has been demonstrable in the interim between reactions. 

The question of liver damage——This has been particularly men- 
tioned becattse of the frequency of the association of jaundice and 
dermatitis. i.e responsibility for arsenical jaundice is, as is evident 
from a study of the literature, hard to fix. A few writers, chief among 
them Milian, feel that it is always due to syphilis—a hepato-recidive. 
Others, the larger group, are inclined to place all the blame on arsenic 
Recently Stokes, Ruedemann and Lemon ** reached the conclusion that 
the large majority of cases of jaundice arising in the course of anti- 
syphilitic treatment are infectious, possibly epidemic, in type; and that 
in a few cases only can the blame be laid on arsenic, syphilis or 
underlying surgical conditions. These conclusions are in accord with 
our own experience ; and we believe jaundice, uncomplicated by other 
toxic reactions, to be due to arsenic only rarely. However, it is true 
that a certain proportion of cases of dermatitis are complicated by 
jaundice, which frequently appears late in the course of the reaction. 

Among the few facts known regarding the metabolism of arsphena- 
min in the body the chief are that it is taken up by the liver, stored 
there, and given out in some form presumably less toxic than its 
original state. It is possible that under the influence of factors not 
clearly understood this function of the liver may temporarily be 
thrown out of commission and the arsenic preparation allowed to 
circulate through the body unchanged. In this form it is markedly 
vasculotoxic, and may, therefore, so impair the smaller blood vessels 
as to permit its exudation into the sites of greatest damage, the skin 
and the bone marrow. As is showi by necropsy examinations, the liver 
is frequently damaged anatomically, by acute yellow atrophy, central 
necrosis, or marked fatty changes. On the other hand, in some cases, 
our own for example, no gross or microscopic damage in the liver is 
demonstrable ; and if this hypothesis is accepted, the changes must then 
be assumed to be functional. 

The same objections apply to this hypothetic explanation as to the 
inhibition of the normal excretion of arsenic with its subsequent cumu- 
lative toxic effect. It also fails to explain either recurrent dermatoses 
after minute doses of the drug, or, unless we assume that the various 


27. Stokes, J. H.; Ruedemann, P., and Lemon, W. S.: Epidemic Infectious 
Jaundice and Its Relation to the Therapy of Syphilis, Arch. Int. Med. 26:521 
(Oct.) 1920 
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drugs differ in degree as to their relative toxicity, the ability of certain 
patients to take other arsenic preparations without the development of 
recurrence 

The anaphylactic theory of dermatitis——Ti.e group of maculopapu 
lar rashes, exfoliative dermatitis, fixed dermatitis, and the allied reac 
tions (itching, stomatitis, etc.) have been regarded by many workers 
as possible anaphylactic phenomena. The reasons for this may be 
summed up as follows: 

1. The extreme rarity of such reactions after the first dose of the 
drug. Undoubted cases have, however, been reported, in which rashes 
of this general type have followed the first dose. Thus, two of 
Houck’s ** four patients with scarlatiniform and maculopapular rashes 
developed their reactions after the first dose, as did our Cases 6 and 17 
(Table 5) (maculopapular rash) 

2. The tendency to recurrence of the same or a different rash after 
further attempts to administer the same drug. In our own series this 
phenomenon has occurred in six of eighteen cases of exfoliative der- 
matitis. The interval between treatments may be very long—eighteen 
months in one of our patients; a year to fourteen months in several 
reported cases. Furthermore, the dose of the drug producing a 
recurrence may be exceedingly minute, as in Zuler’s ** case (0.00375 
gm. silver salvarsan). 

3. The lack of recurrence after the substitution of a different 
arsenical drug. This is particularly noteworthy in our own cases, and 
in Fuch’s cases of fixed dermatitis. 

4. The blood picture. In a previous paper ® attention was drawn 
to the similarity of the changes in the blood in these cases and in 
anaphylactic shock. Herrick * has produced eosinophilia experiment- 
ally in guinea-pigs by intraperitoneal injections of an aqueous extract 
of Ascaris lumbricoides. He concludes that the substance causing the 
eosinophilia is a protein; that previous sensitization is necessary ; that 
if the animals are immune, the production of a blood change is impos- 
sible; and that the eosinophilia constitutes evidence of a previous 
sensitization. 

Experimental attempts to produce anaphylaxis in cases of drug sen- 
sitization have been generally inconclusive. The work of Bruck,” 


28. Houck, W.: Ueber medikamentose Spatexantheme nach Intravenose 
salvarsan injektionen, Miinchen. med. Wehnschr. 58:2451, 1911 

29. Zuler: Salvarsanexantheme und Neuwrorezidive, Miinchen med. 
Wehnschr. 67:115, 1920. 

30. Herrick, W. W Experimental Eosinophilia with an Extract of an 
Animal Parasite, Its Relation to Anaphylaxis and Certain Clinical Problems, 
Arch. Int. Med. 11:165 (Feb.) 1913. 

31. Bruck, C.: Die Arzneiexantheme, experimentelle Untersuchungen itiber 
as Wesen, Berl. klin. Wehnschr. 42:517. 1910 
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Klausner,’* Cole.’ and Kyrle,** on mercury, 1odoform, potassium iodid 
antipyrin and copaiba is well known. All these authors found that a 
few of the experimental animals developed acute symptoms, which, 


however, were not identical with anaphylactic shock as generally 
accepted. Kyrle sums up the objections to regarding drug sensitization 
as a manifestation of anaphylaxis by calling attention to the lack of 
identity of acute symptoms, the difficulty of distinguishing the ordinary 
toxic effects of the drug, and the fact that all conceptions of anaphylaxis 
depend upon protein as an antigen 

Swift © sensitized nineteen guinea-pigs with a mixture of arsphena- 
min and guinea-pig serum. From twenty to forty-two days later he 
reinjected them with arsphenamin. Three of the pigs died acutely, and 
at necropsy showed the characteristic findings of anaphylactic shock ; 
two had very severe, four marked, and three slight clinical symptoms 
of shock. Seven showed no symptoms. All controls were negative. 

Hanzlik and Karsner*® have reported experimental data on the 
acute anaphylactoid phenomena observed after the intravenous injec 
tion of various colloids and the arsphenamins. Their study was partly 
inspired by the tendency of many authors to regard the nitritoid crisis 
after arsphenamin as anaphylactic in origin. They conclude that the 
arsphenamins, even in very small doses, injure the circulation, giving 
rise to symptoms of an anaphylactoid nature; but that since the charac- 
teristic feature of anaphylactic shock, pulmonary distention, was absent, 
and other phenomena of acute anaphylaxis were also lacking, these 
disturbances should not be regarded as in the same category with true 


anaphylaxis or as bearing any causal relation to it whatsoever, or vice 


versa 

32. Klausner, | Arzneiexantheme und ueberemptindlichkeit, Munchen. med 
Wehnschr. §7:1983, 1910. 

33. Cole, H. N Drug Exanthemata in Relation to Anaphylaxis, Cleveland 


M. J. 10:422, 1911 

3. Kyrle, J Zur Frage der Arzneiempfindlichkeit, Arch. f. Dermat. u 
Syph. 113:541, 1912 

35. Swift, H. F Anaphylaxis and Salvarsan, J. A. M. A. §9:1236 (Oct. 5) 
1912 

3%. Hanzlik, P. J.. and Karsner, H. T.: Anaphylactoid Phenomena from the 
Intravenous Administration of Various Colloids, Arsenicals and Other Agents, 
|. Pharmacol. & Exper. Therap. 14:379, 1920. A Comparison of the Prophy 
lactic Effects of Atropin and Epinephrin in Anaphylactic Shock and Anaphy- 
lactoid Phenomena from Variops Colloids and Arsphenamin, ibid. 14:425, 1920. 
Effects of Various Colloids and Other Agents Which Produce Anaphylactoid 
Phenomena on Bronchi of Perfused Lungs, ibid. 14:449, 1920. Hemagglutina 


tion in Vitro by Agents Which Produce Anaphylactoid Symptoms, ibid. 14: 


479. 1920 Hanzlik, P. ] Effects of Various Colloids and Other Agents 
Which Produce Anaphylactoid Phenomena on Surviving Intestine and Uterus 


ibid. 14:463. 1920 
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In a recent paper Auer “ has made an important contribution t 
this problem. Ile has been able to produce, in rabbits sensitized and 
reinjected with horse serum, severe inflammation of the ear, with 
formation of crusts and tissue destruction and sometimes dry gangrene 
of the ear tip, merely by the brief local application of xylol. In normal 
controls, in animals given only one injection of horse serum just pre 
ceding the application of xylol, and in sensitized but not remyected 
rabbits, such local treatment caused only a mild inflammation with more 
or less edema, which disappeared in two or three days, leaving a 
normal ear. 


\uer interprets this phenomenon as follows 


Ihe ear lesions of the sensitized reinjected rabbits which develop after the 
application of xylol are interpreted as a primary anaphylactic reactior Phis 
primary anaphylactic reaction is considered the result of a local autoinocula 
tion of the ear tissues with circulating antigen The local autoinoculation is 
brought about by the irritant action of the xylol which causes an inflammation 
and edema of the site of application. An anaphylactic reaction may now 
occur because the inflamed tissues are more active metabolically than normal 
tissues and therefore the inflamed cells are affected by more antigen per unit 
of time than the normal cells. A subliminal concentration of antigen for non 
inflamed sensitized cells may thus become effective when inflamed sensitized 
ells are concerned 

[This process may theoretically occur in any tissue of a sensitized animal 
which can show an anaphylactic reaction, for example the intestines, lungs 
heart, skin, nerves, arteries, etc. It is possible that this interplay of conditions 
may explain a number of functional abnormalities in the human subject 


This work suggests an interpretation for the arsenical reactions 
under discussion. It may be admitted that a nonprotein substance 
cannot act as an antigen and that arsphenamin and other arsenicals 
do not, as suggested by Swift, change the nature of the serum so that 
it acts like a foreign protein and induces a condition of hypersensitive 
ness. ©n the other hand such reactions may occur in patients who are 
sensitive to some protein, possibly, as suggested by Stokes,** of bacterial 
origin. Arsphenamin, which is a vascular toxin,** may, in the manner 
suggested by Auer, lower the threshold for the unknown antigen and 
increase vascular permeability. This in turn may cause the deposit of 
arsenic, normally taken up by the liver, in the structures where its 


toxic action 1s observed, notably in the bone marrow and in the skin 


37. Auer, J.: Local Autoinoculation of the Sensitized Organism with Foreign 
Protein as a Cause of Abnormal Reactions, J. Exper. M. 32:427, 1920 
38. Stokes, J. H.: The Application and Limitations of the Arsphenamins in 


rherapeutics, Arch. Dermat. & Syph. 2:303 (Sept.) 1920 

39. Ricker. G.. and Knape, W.. ( Mikros opische Beobachtungen am 
lebenden Tier ‘iiber die Wirkung des 606 und 914 auf die Blutstr6mung, Med 
Klin. 8:1275, 1912) made direct microscopic observations of the capillary bed 
in living animals during the administration of arsphenamin and neoarsphena 
min. They found that both drugs caused a slowing of the blood stream, dilata 


tion of the capillary bed, stasis and hemorrhag« 
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Its action on the bone marrow produces the blood changes upon whicl 
we lay so much stress. The skin lesions may be caused by the reaction 
of the tissues to the locally deposited irritant. 

This hypothesis disposes of some of the discrepancies noted above 
It accounts for the fact that in some cases reactions occur after the 
first injection. It eliminates the objection raised by the impossibility of 
producing experimentally anaphylaxis with arsphenamin by any method 
heretofore tried. It opens up a new conception of the varieties of 
anaphylactic manifestations, and removes the objection that these 
patients do not show the symptoms of acute anaphylactic shock, but it 
still does not adequately explain the drug substitution phenomena which 
we have observed. 

SUMMARY 

1. We have presented a study of twenty-three cases of dermatitis 
and allied reactions following the use of arsenical products in the treat- 
ment of syphilis 

2. Such reactions are equally frequent in either sex, but they are 
about three times as liable to occur in the white race as in the colored. 

3. Evidence is presented that the lesions of syphilis or the duration 
of the disease exercise no modifying influence upon the incidence of 
dermatitis. Two of our twenty-three cases occurred in patients in 
whom syphilis could be ruled out. 

4. Dermatitis has been observed by us to follow all chemothera- 
peutic arsenic compounds which we have employed in the treatment of 
syphilis. 

5. In the majority of cases in our series, arsenic was the only drug 
employed so that mercury and potassium iodid as causative factors can 
be excluded 

6. Reactions of this group tend to appear early in the course ot 
treatment 

7. In some cases, certain prodromal symptoms may be recognized 
These consist of itching, mild or fleeting macular, maculopapular, or 
vesicular skin eruptions, stomatitis, prolonged fever, or marked malaise. 
The occurrence of any of these during the use of arsenical products 
should lead to a suspension of treatment and a general survey of the 
patient. 

8. Dosage, technic of administration, and impurities in the drug 
can be excluded as etiologic factors. 

9. The lesions may be classified, on the bases of the constitutional! 
manifestations and their importance, as mild or severe. .In the mild 
group fall urticarial, erythematous and herpetic rashes. In the severe 


group are the macular, maculopapular, and exfoliative rashes, itching 


and stomatitis 
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10. Urticaria is fairly common in association with the nitritoid 
crisis. The more severe constitutional manifestations are absent, and 
in most cases arsenical treatment may be continued. No patient s 
treated has later developed a more serious rash. The same may be 
said of herpes simplex and the erythematous rashes, except that it 
these cases fever and leucocytosis are frequently found. 

11. The characteristics of the rashes of the severe group ar: 
described. Attention is drawn to characteristic alterations in the blood 
picture, which were present in fourteen of sixteen cases studied. The 
changes consist in general of leukopenia, decrease in polymorphonucleat 
neutrophiles, eosinophilia, increase of the large mononuclear-transi 
tional group, and the appearance of many fragile cells. 

12. The complications of dermatitis exfoliativa, including acute 
nephritis, polyneuritis, jaundice, skin infection, bronchopneumonia, and 
septicemia, are discussed. 

13. Attention is directed to the possible relation between the com 
plications due to infection and the disturbance of hematopoiesis 

14. The sensitiveness of the patient to the drug causing the original 
reaction persists over long periods of time and is made manifest by 
even small doses of the same drug. However, certain patients, who 
cannot be accurately distinguished, are able to take other less toxi 
arsenical drugs without the development of reactions of this type. 

15. The prognosis of these reactions is grave. Among our series ot 
twenty-three patients there have been five deaths. The pathological 
picture 1s briefly described 

16. Patients with itching without skin lesions, and with stomatitis 
due to arsenical preparations have been found to present a blood picture 
similar to that described in the exfoliative dermatitis group 

17. The literature is reviewed, and the possible etiologic factors in 


reactions of this group are disc ussed Che e\ idence is in favor of thet 


anaphylactic origin 








PHI TOTAL NONPROTEIN NITROGEN CONSTI 
CENTS OF THE BLOOD IN) ARTERIAL 
HYPERTENSION * 


I. LISLE WILLIAMS, M.D 


CHICAGO 


\rterial hypertension is regarded frequently as a manifestation of 
chronic nephritis. In recent years, however, there is a growing belief 
that hypertension alone is not necessarily evidence of nephritis 
\libutt' was among the first to recognize from clinical observations 
that hypertension may be present without nephritis; this condition he 
termed “hyperpiesis.” Under the title “primary hypertensive cardio- 
vascular disease,” Janeway * described the same disorder, while more 
recently Mosenthal* and others have suggested the term “benign or 
essential hypertension.” Krehl * observed hypertension in a number of 
patients with other clinical symptoms not supporting the diagnosis of 
chronic nephritis. Gross and microscopic examination of the kidneys 
of one of these patients failed to reveal abnormal changes. 

Until renal function was estimated by the phenolsulphonephthalein 
test and by the quantitative determination of the nonprotein nitrogen 
constituents of the blood, the evidence of the kidney disease obtained 
was chiefly anatomical or clinical. Mosenthal observed essential hyper 
tension in two patients with normal blood urea and phenolsulphone 
phthalein excretion; the postmortem examinations revealed practically 
normal kidneys. Rappleye ° studied the kidney function in 100 patients 
with hypertension. Almost 70 per cent. of these had normal phenol 
sulphonephthalein excretion or blood urea nitrogen values. In the 
remainder, the renal function so determined was impaired only slightly 
Thirteen of these 100 patients died, and in ten of the eleven postmor 
tem examinations made death was found to have been due to cardio 


vascular disease or to an intercurrent infection, 


*From the Pathological Laboratory, St. Luke’s Hospital; aided by the 
Seymour Coman Fund. 

1. Allbutt, C Diseases of the Arteries, Including Angina Pectoris, Lo 
Macmillan & Co. 1915; Arteriosclerosis and the Kidneys, Brit. M. J. 1:854 
1911 


2. Janeway, T. C ‘linical Study of Hypertensive Cardiovascular Dis 
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ease, Arch. Int. Med. 12:755 (Dec. 1913 
3. Mosenthal, H. O.: Essential Hypertension, Med. Clin. N. America 1:101 
(July) 1917 
4. Krehl, L.: Deutsch. med. Wehnschr. 3:1872, 1905. 
5. Rappleye, W. C.: The Kidney Function in 100 Cases of Hypertension 
Boston M. & S. J. 179:441, 1918 
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Che patients studied by Stengel © and designated by him as “arterno 
lar fibrosis” were without functional evidence of renal disease. Many 
of them lived for several’ years and finally died from cardiovascular 
disease. In Meara’s group‘ of patients with symptoms corresponding 
to the hyperpiesia of Allbutt, a few patients had a slight impairment of 
renal function, but uremia was rarely a cause of death 

Folin and Denis,” Myers, Fine and Lough,* Baumann and others “ 
regard the estimation of the uric acid of the blood as the most delicaie 
test for kidney efficiency. They observed many patients with “early 
interstitial nephritis” in whom the uric acid was the only nonprotei 
nitrogen substance of the blood increased. Hopkins '' found that in 
climacteric hypertension kidney function is not materially affected 

That pure hypertension may be due to sodium chlorid retention in 
the blood is a conclusion reached by Allen '* from observation of hyper 
tension with clinical symptoms improved by water and salt restriction ; 
the kidney function of these patients, except for the salt retention, was 
normal. 

This report is primarily that of a chemical study of the nonprotein 
nitrogen constituents of the blood of patients with arterial hyperten 
sion but with no clinical evidence of nephritis. The results of such 
determinations on the blood of fifty-five patients from the medical 
services of Drs. J. L. Miller, J. A. Capps, A. R. Elhott and R. B 
Preble at St. Luke’s Hospital, Chicago, furnish the basis of this report, 
and the patients themselves are divided into two groups, depending on 
the amount of the various nonprotein nitrogen substances in the blood 
and the alterations of the urine. Some of these patients were examined 
repeatedly over a period of from one month to two years 

The blood urea nitrogen was determined by the Van Slyke and 
Cullen ** modification of the Marshall urease method. The other non 


} 


protein nitrogen constituents of the blood were determined according 

6. Stengel, A.: The Classification of Chronic Nephritis and the Relation of 
Infection to Kidney Disease, Med. Clin. N. America 1:217 (Sept.) 1917. 

7. Meara, F. S.: Hyperpiesia of Clifford Allbutt, Med. Clin. N. America 
2:1 (July) 1918. 

8. Folin, O., and Denis, W.: The Diagnostic Value of Uric Acid Deter 
mination in the Blood, Arch. Int. Med. 16:33 (July) 1915. 

9. Myers, V. C.; Fine, M. S., and Lough, W. G.: The Significance of Uri 
Acid, Urea and Creatinin of the Blood in Nephritis, Arch. Int. Med. 17:570 
(April) 1916 

10. Baumann, L.; Hansmann, G. H.; Davis, A. C., and Stevens, F. A.: The 
Uric Acid of the Blood as Compared with the Renal Dietary Test, Arch. Int 
Med. 24:70 (July) 1919 

12. Allen, F. M.: Arterial Hypertension, J. A. M. A. 74:652 (March 6) 1920 

11. Hopkins, A. H.: Climacteric Hypertension, Am. J. Med. Sc. 187:826 
1919 

13. Van Slyke, D. D., and Cullen, G. I 1. A. M. A. 62:1558 (May 16) 1914. 
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to the recent methods of Folin and Wu."* The nonprotein nitrogen 
substances of the blood of many patients were estimated at repeated 
intervals 

GROUP I! 

In this group there are included thirty-six patients with arterial 
hypertension and with only slight clinical evidence ot nephritis. The 
illness in five of these was diagnosed chronic nephritis by the attending 
physicians, in spite of very little change in the urine. In this group 
there are eleven men and twenty-five women; the age average was 54.3 
years. The clinical diagnosis for five patients was hypertension alone ; 
for five others it was chronic nephritis or cardiorenal disease; for five 
each it was colitis and arteriosclerosis; for four, tertiary syphilis or 
syphilitic myocarditis; for three each, chronic cholecystitis, cardiac 
decompensation and angina pectoris; for two each, cystitis, gout, 
diabetes, chronic arthritis and chronic myocarditis ; for 1 each, cirrhosis 
of the liver, fibromyoma uteri and abdominal adhesions. Neither albu 
min nor casts were found in the urine of twenty-one patients, a trace of 
albumin was found in three cases, a few casts only in one case, and 
albumin and casts in eleven cases. Repeated examinations of the 
urine demonstrated the presence of albumin and casts in minimal 
amounts for most of the patients. 

The blood urea nitrogen varied from 10.1 to 29.9 and averaged 18.9 
mg. per 100 c.c.; the total nonprotein nitrogen varied from 22.4 to 59.0 
and averaged 37.6 mg.; the uric acid varied from 1.8 to 6.95 and 
averaged 3.06 mg.; and the creatinin varied from 1.29 to 2.3 and 
averaged 1.7 mg. Only thirteen of these patients had a blood urea 
nitrogen of more than 20 mg., twenty-three had a total nonprotein 
nitrogen of more than 35 mg. per 100 cc. The blood uric acid of 
seven of twenty-three patients was more than 3 mg. per 100 c.c.; and 
of three of twenty-two patients the creatinin was more than 2 mg. 
per 100 ¢.c. of blood. 

The blood pressure was determined frequently and with many 
patients it varied markedly. The maximum systolic pressure ranged 
from 170 to 248 mm. of mercury, the diastolic from 70 to 160 mm. 
The phenolsulphonephthalein test of the kidney function of twenty-nine 
patients (thirty determinations) ranged from 21 to 90 per cent. for the 
two hour period, and averaged 53.3 per cent. For twenty-one patients 
the excretion was less than 60 per cent.; the urea and total nonprotein 
nitrogen of the blood of six of these patients were moderately increased, 
in fifteen cases they were normal or slightly increased. Both tests gave 


evidence of renal impairment in six patients. For two the blood urea 


14. Folin, O.. and Wu, H A System of Blood Analysis, J. Biol. Chem 
38:81, 1919 
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and total nonprotein nitrogen were normal and the ‘phthalein excretion 
was normal or increased (90 per cent. in one patient). Excluding 
patients with cardiac decompensation, the two tests agreed in 75 pet 
cent. of the cases. The blood Wassermann test for syphilis was positive 
in two of twenty-three patients 

Dyspnea on exertion was the most common symptom, and was 
present in sixteen patients. In thirteen patients the symptoms were 
headache ; in eleven dizziness and swelling of the feet and legs; in eight 
each, nocturia and abdominal distress; in seven each, precordial pain 
and cardiac palpitation ; in six each, weakness and nervousness ; in five 
each visual disturbances or spots before the eyes, flatulence and nausea ; 
in four each, cramps in the legs, loss of weight, anorexia, and cough ; 
in three each, hoarseness, tinnitus aurium, constipation, and poly 
kinuria; in two each, polyuria, dysuria, incontinence, backache, vomit 
ing and diarrhea. 

Four patients had scarlet fever in childhood ; four had syphilis. In 
one case the hypertension was ascribed to a pregnancy seven years 
before. One patient had had erysipelas several years previously ; 
another had had rheumatism, and a third had had typhoid fever. Two 
patients were alcohol and tobacco habitués, and one patient was intem 
perate in eating. The average duration of the arterial hypertension 
as far as could be determined was 3.2 years 

Hypertrophy of the heart, the most common alteration found in 
the physical examination, was observed in twenty-seven patients. The 
liver was enlarged in thirteen. There was a secondary mitral murmur 
in twelve. Sclerosis of the peripheral arteries was pronounced in nine 
a dilated aorta in six ; edema of the feet and legs was present in seven 
Five patients had hypostasis of the lungs; four a gallop rhythm; three 
an alternating pulse; three a palpable kidney or kidneys, and three 
some degree of cyanosis. Obesity and enlarged joints each were pres 
ent in four cases. In three patients the teeth were badly decayed. Two 
patients each had generalized edema, marked emaciation, hydrothorax 
and a palpable colon. Ophthalmoscopic examination of the eye grounds 
of eight patients was negative in four, but revealed sclerosis of the 
retinal vessels in two, arteriovenous compression in one case, and a 
low grade retinitis in another. 

There was no relation between the height of the blood pressure and 
the amount of any of the nitrogenous waste substances found in the 
blood. Two patients—one with the highest, the other with the lowest 
blood pressure—had nitrogen values that differed only slightly. The 
patients having dyspnea with cardiac decompensation had the highest 


values for nonprotein nitrogen of the blood of the group. In these 


patients the slight nitrogen retention could be accounted for by the 
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passive hyperemia of the kidneys. No relationship could be established 
between any of the other symptoms or physical findings and the amount 
of nitrogen in the blood 

()f the thirty-six patients, thirty-one are known to be living for as 
long as from two months to two years, and of these eighteen are 
improved, twelve are as before, and two are worse. The condition of 
three patients is unknown, and two are dead. Both died of cardiac 
failure, this diagnosis for one being confirmed by a postmortem exam 
ination. Among the changes observed during this examination were 
hypertrophy and dilatation of the heart, passive hyperemia of the liver 
and kidneys, and moderate sclerosis of the aorta and larger arteries. In 
the kidneys a few scattered hyalinized glomeruli were found, such as 
are present in the kidneys of any person at that age dying of a disease 


unrelated with arterial hypertension 


Groupe I] 

Che symptoms of the disease in the patients of this group differed 
very little from those in Group 1, but in the urine there were larger 
quantities of albumin and more casts, whereas the blood contained 
more of the nitrogenous waste products, particularly uric acid. There 
are nineteen patients in this group, thirteen men and six women, vary- 
ing in age from 40 to 69 and averaging 58.2 years of age. The clinical 
(liagnosis in six cases was chronic nephritis or cardiorenal disease; in 
two each, tertiary syphilis, angina pectoris, arteriosclerosis, diabetes and 
hypertension alone; and in one each, abdominal adhesions, cardiac 
decompensation, chronic cholecystitis and cerebral hemorrhage. The 
urine of four patients contained neither albumin nor casts, of three, 
only albumin, of one, hyalin casts, and of ten both albumin and casts 
Che blood urea nitrogen varied from 11.4 to 32.7 mg. and averaged 
21.5 mg. per 100 c.c., the total nonprotein nitrogen from 28.1 to 56.4 
and averaged 42.9 mg.; the uric acid from 2.48 to 9.02 and averaged 
5.39 gm., and the creatinin from 1.49 to 2.24 and averaged 1.80 mg 
The urea nitrogen of the blood of ten patients was more than 20 mg 
per 100 ¢.c. and of thirteen the total nonprotein nitrogen was more than 
35 mg. The uric acid of the blood of twelve patients in this group was 
more than 3 mg. per 100 c.c., and the creatinin content for four of ten 
patients was more than 2 mg. per 100 ¢.c._ As has been stated in Group 
1, the higher values for nitrogen retention are associated with the symp- 
toms of cardiac insufficiency, dyspnea, edema of the feet and legs, 
nocturia and precordial pain 

The systolic blood pressure ranged from 160 to 268 mm.; the 


chastolic from 72 to 160. The phenolsulphonephthalein excretion in 


two hours for fifteen patients varied from 30 to 74.3 per cent. and 
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averaged 47.2 per cent Nocturia was the most common symptom 
observed in nine cases, headache and dyspnea each in six; cough, dizzi 
ness, and abdominal distress each in four; blurred vision, polyuria, 
weakness, nervousness, nausea and vomiting each in three; tinnitus, 
cardiac palpitation, polykinuria, backache, insomnia, precordial pain, 
and less of weight each in two. One patient (Wassermann negative ) 
reported a previous syphilitic infection, another reported an attack of 
scarlet fever in his youth, and a third excessive alcoholism. 

Hypertrophy of the heart as in the patients of the first group was 
common (fifteen of the nineteen patients) ; in eight cases the liver was 
enlarged; in five there was a regurgitant mitral systolic murmur ; in 
four, pulmonary hypostasis and sclerosis of the peripheral arteries ; 
in three each, a gallop rhythm, cyanosis and marked edema of the 
extremities ; in two each, an alternating pulse, hydrothorax, a dilated 
aorta and a regurgitant aortic murmur; and in one each, marked 
ascites and hypertrophy of the prostate gland 

Twelve of the nineteen patients in Group 2 are living for from two 
to twenty months; five are dead, and the condition of two is unknown 
Five of the living are improved, and the clinical symptoms of seven are 
unchanged. The cause of death of two patients was cerebral hem 
orrhage. One patient died of angina pectoris, one of diabetic coma, 
and one of cardiac decompensation. The last mentioned clinical diagno 
sis was confirmed by postmortem examination, and the chief anatomix 
changes noted were hypertrophy and dilation of the heart, senile 
sclerosis and fatty changes of the lining of the aorta and larger arteries, 
and marked passive hyperemia and healed infarcts of the kidneys 
Microscopic examination of the kidney tissue disclosed no striking 
changes 

DISCUSSION 

(On comparing the averages of the various nonprotein nitrogen 
constituents of the blood in the two groups, the urea and nonprotein 
nitrogen are each a few milligrams higher in Group 2 than in Group 1 
The uric acid averages of Group 2 are almost double those of Group 1, 
5.39 mg. as compared with 3.03. The creatinin is almost the same in 
both groups 

Che uric acid of the blood was increased in 54 per cent. of the 
patients of both groups; the total nonprotein nitrogen was slightly 
increased in 65 per cent.; and the urea was slightly increased in 42 
per cent 

Che phenolsulphonephthalein excretion for two hours was slightly 
more for the patients in Group 1 than for those in Group 2. The 


average phenolsulphonephthalein excretion of both groups is a trifle 


lower than the minimum normal value for two hours, but included in 











754 {IRCHIVES OF INTERNA! VWEDICINE 


the averages are some patients with cardiac decompensation and it 1s 
well known that this materially diminishes the amount of dye excreted. 
Ihe extreme passive hyperemia of the kidneys in such patients may 
explain the slight increase of the non-protein nitrogen substances in the 
blood where anatomically there is no nephritis. 

Of the prominent symptoms of the two groups, dyspnea is most 
common in Group 1, while nocturnal polyuria occurred twice as fre- 
quently in Group 2 as in Group 1. Edema of the feet and legs was 
present in 31 per cent. of the patients of Group 1, and in 16 per cent. of 
those in Group 2. Polyuria troubled 16 per cent. of the patients in 
Group 2, but only 6 per cent. in Group 1. Precordial pain and palpita- 
tion occurred almost twice as frequently in Group | as in Group 2. 
[he other common symptoms, headache, dizziness, abdominal distress, 
nervousness, visual disturbances, nausea and vomiting were of almost 
the same frequency in both groups. 

rhe changes in the urine differ slightly in that the patients of Group 
2 had more evidence of renal impairment as shown by the presence of 
albumin and casts in the urine. Four patients of this group, however, 
had no albuminuria or cylindruria. 

In Group 1, there is a large majority of women while in Group 2 
the men largely predominate. The ages in Group 2 average slightly 
more than those in Group 1. In Group 2 a higher percentage of 
patients was diagnosed clinically as chronic nephritis, but other than 
this there is no striking disparity in the diagnoses. 


CONCLUSIONS 

1. There is a disease, arterial hypertension, which when uncompli- 
cated by nephritis or cardiac decompensation gives no functional evi- 
dence of kidney insufficiency. 

2. Cardiac decompensation with marked passive hyperemia of the 
kidneys ‘s associated with a moderate retention of nonprotein nitrogen 
in the blood. 

3. The height of the blood pressure bears no relationship to the 
amount of the nonprotein nitrogen substances in the blood. 

4. Arterial hypertension with normal nonprotein nitrogen values 
in the blood and normal kidney excretion, determined by functional 
tests and urine examinations, does not justify the clinical diagnosis of 


chronic nephritis. 

I wish to thank Drs. E. F. Hirsch and E. R. LeCount for valuable sug- 
gestions in preparing the manuscript, and Drs. J. L. Miller, J. A. Capps, A. R. 
Elliott, and R. B. Preble for opportunity to study their patients. 

















Book Reviews 


THE DISEASES OF INFANTS AND CHILDREN. By J. P. Crozer 
GrirritH, M.D., Px.D., Professor of Pediatrics in the University of Penn 
sylvania. Two octavo volumes totaling 1542 pages, with 436 illustrations, 
including 20 plates in colors. Philadelphia and London: W. B. Saunders 
Company, 1919. Cloth, $16.00 net. 


Dr. Griffith’s little book on “The Care of the Baby” has been for more than 
a quarter of a century the trustworthy guide not only to young mothers but to 
young physicians. With that great success and the author’s many sound con 
tributions to pediatric literature, it seemed strange that he did not long ago 
write a textbook. The explanation is to be found in these two handsome and 
well printed volumes. They form a small, but unusually complete encyclopedia 
on pediatrics, and include surgical as well as medical topics. Part of Volume | 
and all of Volume II are devoted to diseases of organs. The whole work 
exhibits an unusually rich pediatric experience, well arranged by a trained and 
broadly cultivated mind. An extensive reading of the literature is shown in 
connection with almost every topic, and the reader is assisted in personal 
study by numerous references to the original sources. In many cases these 
are brought up to about the time of the war, and one can assume that the 
author, like so many others, had his working plans deranged by that event 
If the reader misses references to important articles since about 1916, he is 
fortunate in having available a key to the most important work up to that 
time. The usual chapters on anatomy and physiology of early life, hygiene, 
breast feeding and other details of food, proprietary foods, diet in health and 
disease are given almost 200 pages. They are sound, practical and unusually 
detailed, and so well arranged that it is easy to find information on any of the 
subjects with the minimum trouble. Equally good are the chapters on general 
methods of examination and diagnosis, and morbidity and mortality. The 
chapter on therapeutics of infancy and childhood shows the experienced hand 
and brain. Diseases are described after a natural classification, beginning with 
those of the new-born. Then follow the infectious diseases, the definition of 
which does not show the author’s usual care for verbal accurecy. Thus, it is 
difficult to understand why he says, “pneumonia appears to be (italics ours) 
quite certainly an infectious disorder,” although no objection can be made to 
classifying pneumonia, as well as rheumatism and chorea in other groups. 
Contact carriers and droplet dissemination are well described 

The sections on the eruptive fevers bring out the author’s mastery of 
clinical details and his skill in description. In the diagnosis of smallpox, 
however, he does not take advantage of any of the recent biologic methods, 
which certainly deserve extensive trials. In very few places can one object 
to the matter, but some items may be mentioned. The reviewer believes it not 
only unnecessary but harmful to cleanse the skin “vigorously” before vaccina- 
tion, except in exceedingly dirty children. He also thinks the cross scarifi- 
cation recommended is bad. Army surgeons during the war put the quietus 
on that antiquated and incendiary method, which is largely responsible for 
much of the objection to vaccination among physicians and laymen. There is 
no reference to the interesting relations of chickenpox and zoster, nor is the 
importance of pemphigus set forth with deserved emphasis. In cerebrospinal 
fever, the varieties of organisms and their bearing on treatment are not utilized 
as they should be. In diphtheria the matter is more nearly up to date. The 
treatment of malaria should not be ended as the author says, by giving small 
doses of quinin for two or three weeks, but continued prophylactic treatment 
should be carried out for months, in order to prevent the child from becoming 
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a carrier, with or without symptoms, the latter often misunderstood. Polio 
myelitis is well described, but nonsuppurative encephalitis deserves more space 
than it gets in the second volume, without sufficient reference to the possible 
confusion with poliomyelitis under that rubric. The pathology and early clin 
ical features of tuberculosis do not sufficiently reflect the valuable studies of 
recent years, including the significant researches of Opie on tuberculosis of 
lymphatic tissues. Syphilis is well cared for. General and nutritional dis 
eases are well described, though it is strange not to find some reference to 
the results of the war and the blockade on rickets and some other diseases. 
The author’s reason for classing rheumatism among general and constitutional 
diseases, because the causative germ is not known, will strike many as rather 
feeble. Progress in the investigation of infectious diseases would have been 
much slower than it was if that view had been held widely. Leaving out all 
references after 1914, and some useful ones before that, makes this section less 
impressive than it should be. Focal infection certainly deserves some disctis- 
sion here. The section on diabetes insipidus has no reference later than 1892 
and is quite out of line with current ideas. The chapter on pellagra, like some 
others, shows by failure to mention vitamins the stimulus that word gave to 
the study of nutrition and its alterations. The other diseases are arranged by 
organs, and the text shows the same command of the subject. The placing of 
the pneumonias, with “inflammation of the lungs” as a subhead, forces one to 
realize the great value of anatomic classification, as well as the loss incurred 
by making the etiologic viewpoint secondary. The author’s presentation of 
pneumonia, however, is most commendable. He shows how the titles “lobar” 
and “lobular” are misleading, that “catarrhal does not fully express the patho- 
logic changes which occur”; he describes well the clinical features. More 
details on the etiology and etiologic diagnosis could have been added with 
advantage, but the young reader should have these and the older one would 
probably need a younger head to assist him in that part of the work. The 
choice of “eczema” to the now familiar dermatitis is another relic of the past. 

These few examples only emphasize the immense amount of sound informa- 
tion the author has given. Though not up to date as regards scientific effort, 
it does distinct credit to the specialty of pediatrics and may serve as a base- 
line to indicate future advance, just as it can be used to show the advance from 
the eras of J. Lewis Smith or Meigs and Pepper. It is, in fact, a book to refer 
to and to use. The illustrations are numerous, often original and well chosen. 
The printers’ work is so well done that the spelling “pomegranite” on p. 827 
almost seems as if it must be correct 
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Gasometer 


HIS equipment including Gasometer, Haldane Apparatus, Sampling Outfit, Mask, 
Tubes and Valves, is complete in all its details and exceedingly convenient for the 
routine determination of the Basal Metabolic Rate. The technic and apparatus are 
fully described in the Laboratory Manual on “Determination of the Basal Metabolic Rate” 
by Boothby and Sandiford of Rochester, Minn. (published by Saunders Co., Phila., Pa. ) 


This apparatus is sold by 


H.N. ELMER . 1641 Monadnock Bldg. . CHICAGO, ILL. 


General Agent for North America of Siebe, Gorman & Company, Lid 


Can also supply the above manual and ‘Methods of Air Analysis"’ by 
Dr. J. S. Haldane 
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Mask, Tubes, Valves and Sampling Outfit Haldane Apparatus 
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Fan ¢ ENZYMES is a palatable preparation of the proteolytic 


and curdling ferments that act in acid medium. It is recom- 
mended as an aid to digestion and as a gastric tonic generally. 


Elixir of Enzymes is of special ‘service in correcting faulty proteid 
metabolism which is one of the principal causes of autointoxication. 


_ Elixir of Enzymes is an excellent adjuvant and vehicle for exhibiting 
iodids, bromids, salicylates and other drugs that disturb the digestive func- 
tions. One dram of Elixir Enzymes will carry 46 grains of potassium iodide 
or 45 grains of sodium salicylate or 17 grains of potassium bromid. 

Elixir of Enzymes contains the curdling ferment and may be used for 
making junket or curds and whey. Add one teaspoonful of the Elixir to 
half pint of lukewarm milk, stir thoroughly and let stand till cool 

For minimizing the organic disturbances and eliminating the corrosive 
effect of potassium iodid on the mucous membrane of the stomach as well 
as disguising the taste, the following combination is recommended: 

Potassium Iodid, 2 ounces. 

Distilled water, enough to make 2 fluid ounces. 

To exhibit, for instance, 20 grains of potassium iodid three times daily, 
use one teaspoonful of Elixir of Enzymes, one teaspoonful of the above 
solution to half pint of lukewarm milk; stir thoroughly and let stand until 
cool. Take one-third of this quantity as a dose. This junket should be 
made up fresh every morning. 
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NEW YORK 


A Dressing That Does Not Stick 


For wounds of every sort, traumatic and 
operative, Parresined Lace-Mesh Dressing is 
the best from every viewpoint. It is readily 
and easily removed, at a saving of time for 
the doctor and his assistant. Its removal 
inflicts little or no pain on the patient. Heal- 
ing is expedited rather than retarded as with 
ordinary adherent gauze. From SO to 75 per 
cent. less of absorbent cotton, that tears and 
pulls on the surface granulations and over- 
dressings, is required where it is generally 
applied. Most appreciated by those who have 
many cases to dress daily. 


Net prices: 
BOS GOD cc ccccccssscasceess $ 2.63 
SO-yarR Pell 2220s cccccccccccccs 11.63 
Box of 6 envelopes, each con- 
taining a strip 6x18 inches... 1.20 


A specinien free to any doctor on request 
Send for it today. 


THE ABBOTT LABORATORIES 


Dept. 132. CHICAGO, ILL. 


Manufacturers of Barbital, Cinchophen, Procaine, Chlorazene, Dichloramine-T, Acriflavine, 


Benzyl-Benzoate, and Digipoten 
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DITN:1 ale Non-Carbohydrate BREAD 


and other palatable foods 


ANALYSIS Sent direct—month's supply, $4.85 
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405 Lexington Avenue NEW YORK CITY 
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MEDICAL AUTHORS CHART PAPER 


Including Style Book of the A.M.A. Press : 

er _ ~~ me emer reniently rul s 

and Guide to Bibliographic References. veniently ruled, for making diagrams, curves, 
tracings, or records of temperature which 


A heavy grade of ledger paper, con- 


This pamphlet contains valuable informa- 
tion in regard to the preparation of articles 
for publication and the points which make 
an article acceptable. 

— Price, 10 sheets at 30 cents; $2.00 per 


Paper Cover. 68 pp. Price, 25 cents hundred 


will reproduce suitably for publication. Sheet 
size, 11x15 inches 


AMERICAN MEDICAL ASSOCIATION, 535 North Dearborn St., Chicago 
































Sanborn 
Vital Capacity 
Spirometer 





An instrument for estimation of the vital 
capacity of the lungs, as described in Archives 
of Internal Medicine by Dr. Francis W. Pea- 
body of Harvard Medical School and Peter 
Bent Brigham Hospital, Boston. 


In heart disease, a very close rela 
tionship has been found to exist be- 
tween the clinical condition and the 
vital capacity. 


In pulmonary tuberculosis, increase 
and decrease in the vital capacity are 
found to be in direct proportion to the 
amount of disease present. 


Literature and complete information 


scent upon request 


SANBORN COMPANY 
Mak rs ef Scientific Instraments 
1048 Commonwealth Ave. 
BOSTON 47, MASS. 
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A series of 48 sheets embodying out- 
lines of practically all the general 
and special regions of the body. Of 
particular value for recording pic- 
torially the location and extent of 
lesions, edematous or paralytic areas, 
tumors, etc. Useful to authors in 
illustrating case records, clinical 
studies or articles. 


Illustrations are printed on good paper so 
that lesions may be drawn in either with 
ink or colors. Size of sheets 5% by 8%. 
Price, 1 cent each. Above illustration 
shows only a part of the charts. Orders 
should be by number. Complete catalogue 
on request. 
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